
■ 3<^ iO( 



W w »Au / 



/ 




/ 



^\^""^- v Their Use and Medicaments Containing Them_ 

Field of the Invention 

> The invention relates to new dialkoxy pyridines, 
processes for their preparation, their use and medicaments 
containing them. The compounds according to the invention 
are used in the pharmaceutical industry as intermediates 
and for the preparation of medicaments. 



L* 1 ' Background 

European Patent Application^, 005,129 concerns 
substituted pyr idylsulf inylbenzimidazoles which are said to 
have properties of inhibiting secretion of gastric acid. 
The use of a number of be n z i m id a zol e derivatives for 
inhibiting secretion of gastric acid is referred to in 
European Patent Application^" 0 , 074 , 341 . British Patent 
Application GB 2 , 0 82 , 580 involves tricyclic imidazole 
derivatives which are said to inhibit secretion of gastric 
acid and to prevent, ulcer formation . In USE 4,472,409 and in 
US applications ^606,872 and SN; 606 , 873^rlfluoroinethyl 
compounds, fluoroalkoxy compounds and tricyclic ethers with 
benzimidazole structure and a marked protective effect on the 
stomach are described. 



^ Summary of the Invention 

It has now been found, surprisingly, that the 
dialkoxypyr idines of the present invention have interesting 
and unexpected properties which advantageously distinguish 
them from known compounds. 

The invention relates to dialkoxypyr id ines of formula 
I and salts thereof, to medicament compositions having (as 
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an active ingredient thereof) an effective amount of a 
compound of formula I or of a pharmaceutic ally- acceptable 
salt thereof, to the use of these compounds and 
compositions to inhibit gastric acid secretion in and to 
protect the stomach and intestines of warm-blooded animals, 
to the formulation of the medicament compositions, to the 
synthesis of dialkoxypy r id ines of formula I and of salts 
thereof, to compounds of formula III and to their use in 
preparing compounds of formula I and salts of the latter. 

An object pf this invention is to provide compounds 
and compositions useful for inhibiting gastric acid 
secretion in warm-blooded animals. 

Another object is to provide compounds and 
compositions which protect the stomach and intestines of 
warm-blooded animals . 

A further object is to provide chemically-stable 
compounds and compositions which have a wide therapeutic 
range and lack substantial side effects and especially to 
impart higher chemical stability to 
pyr idyl su If inylben 2 imidazoles . 

Still further objects are apparent from the following 
descr ipt ion . 

/ ( Details 

; The i nven t ion relates to new d i alkoxypy r i d i nes of 
formula I: 



R3 




wherein 

Rl represents a i-3C-alkyl radical which is completely or 
predominantly substituted by fluorine, or a 
chlorodifluoromethyl radical and 

Rl' represents hydrogen (-H), halo, tr i f luoromethy 1 , a 
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1^3C-alkyl radical, or a l-3C-alkoxy radical which is, 
optionally, completely or predominantly substituted by 
fluorine, or 

Rl and Rl 1 together, with inclusion of the oxygen 
5 atom to which Rl is bonded, represent a 

lfy 2C-alky lened ioxy radical which is, optionally, 
completely or partly substituted by fluorine, or a 
chlorotr if luoroe thy lened ioxy radical , 
R3 represents a l-3C-alkoxy radical, 
10 one of the radicals R2 and R4 represents a l-3C-alkoxy 

radical and the other represents a hydrogen atom 
or a l ( -3C-alkyl radical and 
fiO n represents the number 0 or 1 , 
and to salts of these compounds. 
15 P Examples of ^-3C-alkyl radicals which are completely 

or predominantly substituted by fluorine are the 
1 , 1 , 2-tr i f luoroethyl radical, the per f luoropropyl radical, 
the per f luoroe thy 1 radical, and in particular, the 
1,1,2,2-tetrafluoroethyl radical, the trifluoromethyl 
20 radical, the 2, 2,2-trif luoroethyl radical and the 

dif luoromethyl radical. 

Halogen in the context of the present invention is 
bromine, chlorine and, in particular, fluorine. 
f l^C-alkyl radicals are the propyl, isopropyl, ethyl 
25 and, in particular, methyl radical, 

^ l-3C-alkoxy radicals contain, in addition to the 

m 

oxygen atom, the mentioned l-3C-alkyl radicals. The 

methoxy radical is preferred. ' 
P 1^3C-Alkoxy radicals which are completely or 
30 predominantly substituted by fluorine contain, in addition 

to the oxygen atom, the mentioned ^3C-alkyl radicals which 

are completely or predominantly substituted by fluorine. 

Examples include the 1 , 1 , 2 , 2 - t e t r a f 1 u o r o e t h o xy , the 

tr if luor omethoxy , the 2 , 2 , 2 - t r i f 1 u o r oe t h o x y and the 
35 di f luoromethoxy radicals. 

Examples of L-2C-alky lened ioxy radicals which are, 

optionally, completely or partly substituted by fluorine 
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are the 1,1-dif luoroethy lened ioxy radical 

( < ; b°/3 CF2 *"^ :H ?f ' the 2 ' 2 " tetraf lu ° r oe th Y lened ioxy 

radical UO-CF 2 -CF2-0-) r the 1,1 , 2- tr i f luor oe thy lened ioxy 
radical (-0 - C F 2 - C H F - 0 - ) and, in particular, the 
dif luoromethylenedioxy radical (-0-CFo-O-) , as substituted 
radicals, and the e t h y 1 e n e d i o x y radical and the 
methylenedioxy radical, as unsubsti tuted radicals. 

Preferred salts of compounds of the formula I in which 
n denotes the number 0 (sulfides) are all the acid-addition 
10 salts. The pharmacologically-acceptable salts of inorganic 

and organic acids usually employed in galenics are notable 
examples. Pharmacologically-unacceptable salts which may 
be obtained initially via industrial-scale processes are 
converted into pharmacologically-acceptable salts by 
15 conventional processes. Examples of suitable 

pharmacologically-acceptable salts are water-soluble and 
water-insoluble acid-addition salts, such" as the 
ff-Q^ I fO hydrochloride, hydr obromide , hyd^iodide, phosphate, 

nitrate, sulfate, acetate, citrate, gluconate, benzoate, 
20 hibenzate, fendizoate, butyrate, sulf osalicylate , maleate, 

laurate, malate, fumarate, succinate, oxalate, tartrate, 
amsonate, embonate, metembonate, stearate, tosylate, 
2-hydroxy-3-naphthoate, 3-hydroxy-2-naphthoate and 
mesylate. 

25 Preferred salts of compounds of formula I in which n 

denotes 1 (sulfoxides) are basic salts, in particular 
pharmacologically-acceptable salts with inorganic and 
organic bases usually employed in pharmacy. Examples of 
pharmacologically-acceptable basic salts are the sodium, 
30 potassium, calcium and aluminum salts. 

One embodiment (embodiment a) of the invention 
comprises compounds of for m u 1 a I wheirein R 1 1 represents 
hydrogen (-H), and Rl, R2 , R3 , R4 and n have the 
previously-noted meanings; and their salts. 
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35 Another embodiment (embodiment b) of the invention 

if Q comprises compounds of formula I wherein Rl ' represents 
halogen, tr if luoromethyl, a l-3C-alkyl radical or a„ 
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l-^3C-alkoxy radical which is, optionally, completely or 
predominantly substituted by fluorine; and Rl, R2 , R3 , R4 
and n have the previously-mentioned meanings; and their 
salts . 

Another embodiment (embodiment c) of the invention 
comprises compounds of formula I wherein Rl and Rl ' 
together , including the oxygen atom to which Rl is bonded, 
comprise a l,-2C-alkylenedioxy radical, and R2 , R3 , R4 and n 
have the aforementioned meanings; and their salts. 

Another embodiment (embodiment d) of the invention 
IfQ comprises compounds of formula I wherein Rl and Rl 1 
together, including the oxygen atom to which Rl is bonded, 
comprise a l-2C-alkylened ioxy radical which is completely 
or partly substituted by fluorine, and R2, R3 , R4 and n 
the previously-noted meanings; and their salts. 
Another embodiment (embodiment e) of the invention 
comprises compounds of formula I wherein Rl and Rl 1 
together, including the oxygen atom to which Rl is bonded, 
comprise a chlorotr if luor oethylenedioxy radical, and R2 , 
R3, R4 and n have their previously-ascribed meanings; and 
their salts. 

Preferred compounds of embodiment a are those of 
formula I wherein Rl represents 1, 1 , 2 , 2-te tr af luoroethy 1 , 
t r i f luor ome thy 1 , 2,2,2-trifluoroethyl, d if luor ome thy 1 or 
chlorodifluoromethyl, Rl • represents hydrogen, R3 
represents methoxy, one of the radicals R2 and R4 
represents methoxy and the other represents hydrogen or 
methyl, and n represents the number 0 or 1; and the salts 
of these compounds. 

Preferred compounds of embodiment b are those of 
HO . formula I wherein Rl represents difluoromethyl, Rl f 
represents d i f luor ome thoxy or methoxy, R3 represents 
methoxy, one of the radicals R2 and R4 represents methoxy 
and txh e other represents hydrogen or methyl, and n 
represents the number 0 or 1; and the salts of these 
Compounds, 

Preferred compounds of embodiment c are those of 

c 
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^0 formula I wherein Rl and Rl 1 together, combined with the 
oxygen atom to which Rl is bonded, represent a 
methylenedioxy or e thy lened ioxy radical, R3 represents 
methoxy, one of the radicals R2 and R4 represents methoxy 
5 and the other represents hydrogen or methyl, and n 

represents the number 0 or 1; and the salts of these 
compounds. 

Preferred compounds of embodiment d are those of 
i/Q formula I wherein Rl and Rl 1 together, combined with the 
10 oxygen atom to which Rl is bonded, represent a 

dif luoromethylenedioxy radical or a 1,1,2-trif luoro- 
ethylenedioxy radical, R3 represents methoxy, one of the 
radicals R2 and R4 represents methoxy and the other 
represents hydrogen or methyl, and n represents the number 
15 0 or 1; and the salts of these compounds. 

Preferred compounds of embodiment e are those of 
i/O formula I wherein Rl and Rl ' together, including the oxygen 
atom to which Rl is bonded, represent a 
chlorotrifluoroethylenedioxy radical, R3 represents 
20 methoxy, one of the radicals R2 and R4 represents methoxy 

and the other represents hydrogen or methyl, and n 
represents 0 or 1; and the salts of these compounds. 

Examples of compounds according to the invention are* 
2- [ (4 , 5-d imethoxy-3-me thy 1-2-pyr idyl) me thylsulf inyl] -5-tr i- 
25 f luoromethoxy-lH-benzimidazole , 

^fi 2- [ (4 , 5-d imethoxy-3-me thy 1-2-pyr idyl) -methylthio] -5-tr i- 
f luoromethoxy-lH-benzimidazole , 
fO"i t ^ 2- [ (4, 5-d imethoxy-3-me thy 1-2-pyr idyl) me thy lsulf inyl] -5£? 

(1,1,2, 2-tetr af luoroethoxy) -IH-benz imidazole , 
30 2-[ (4, 5-d imethoxy-3-me thy 1-2-pyr idyl) methylthio] -5- (1,1,2, 2& 

tetraf luoroethoxy) -IH-benz imidazole , 
P$ %f) 2-[ (4,5-dimethoxy-3-methyl-2-pyridyl)methylsulf inyl]-5S^ 

(2,2, 2-tr if luoroethoxy ) -IH-benz imidazole , 
fO Hf\ 2-[ (4,5-dimethoxy-3-methyl-2-pyridyl) -methylthio] -5- (2,2,2^? 
35 tr if luoroethoxy) -IH-benz imidazole , 

%^ 5-d if luoromethoxy-2- [ (4 , 5-d imethoxy-3-me thy 1-2-pyr idyl) - 
me thy lsulf inyl] -IH-benz imidazole , 




Po f 5-dif luoromethoxy-2- [ (4 , 5-dimethoxy-3-methyl-2-pyr idyl) - 
^ methylthio] -IH-benzimidazole , 

f 5-chlorodif luoromethoxy-2- [ (4 , 5-dimethoxy-3-methy 1-2-pyr idyl) - 
r methyl su If iny 1] -lH-benz imidazole , 

5 fO f 5-chlorodif luoromethoxy-2- [ (4 , 5-d imethoxy-3-me thy 1-2-pyr idyl) - 
^ methylthio] -IH-benzimidazole , 

PC 7 5, 6-bis (dif luoromethoxy) -2-[ (4, 5-d imethoxy-3-me thy 1-2-pyr idyl ) - 
9 methylsulf inyl] -IH-benzimidazole , 

fyt) IS 5, 6-bis (dif luoromethoxy) -2- [ (4 , 5-dimethoxy-3-methy l-2<£> 
10 ^ pyr idyl) methylthio] -IH-benzimidazole , 

fO f 5-dif luoromethoxy-6-methoxy-2- [ (4 , 5-d ime thoxy-3-methy l-2<£> 

^ pyr idyl) methylsulf inyl] -IH-benzimidazole , 

fO f 5-dif luoromethoxy-6-methoxy-2- [ (4 , 5-dimethoxy-3-methyl-^ 
*f pyr idyl) -methylthio] -lH-benz imidazole , 

15 Yt92~ I (* * 5-d imethoxy-2-pyr idyl) methylsulf inyl] -5£? 

tr if luoromethoxy-lH-benz imidazole , 
P0 <% ( £f 2-t (4,5-dimethoxy-2-pyridyl)methylthio]-5-*trif luoromethoxy-lH^ 
benz imidazole , 

PO 2-[ (4, 5-dimethoxy-2-pyridyl)methylsulf inyl] -5- (1 , 1,2,2© 

20 tetr af luoroethoxy ) -IH-benzimidazole , 

f 0 ZfJ 2 "t (4, 5-d imethoxy-2-pyr idyl) methylthio] -5- (1 , 1 , 2 , 2- tetr a- 
f luoroethoxy ) -IH-benzimidazole , . 
P(j 2 - [ (4 , 5-d imethoxy-2-pyr idyl) methylsulf inyl] -5- (2 , 2 , 2& 

tr if luoroethoxy) -IH-benzimidazole , 
25 ftQ f ( <f 2-[ (4 , 5-dimethoxy-2-pyridyl)methyInhio] -5- (2,2, 23> 

tr if luoroethoxy ) -lH-benz imidazole , 
PO # 5-dif luoromethoxy-2- [ ( 4 , 5-d imethoxy-2-pyr idyl ) methy 1- 

^ sulf inyl] -IH-benzimidazole , 

Po m 5-dif luoromethoxy-2- [ (4 , 5-dimethoxy-2-pyr idyl) methylthio] - 
3 0 IH-benzimidazole , 

PO f 5-chlorodif luoromethoxy-2- [ (4 , 5-dimethoxy-2-pyr idyl) 
^ methylsulf inyl] -IH-benzimidazole , 

y 5-chlorodif luoromethoxy-2- [ (4 , 5-dimethoxy-2-pyr idyl) - 
€f methylthio] -lH-benz imidazole , 



35 yO V 5, 6-bis (dif luoromethoxy ) -2- [ (4 , 5-d imethoxy-2-pyr idyl) - 

methylsulf inyl] -lH-benz imidazole , 
5, 6-bis (dif luoromethoxy) -2-[ ( 4 , 5-d imethoxy-2-py r idyl ) - 



[A 



Po 



- 8 - 



*f methylthio] -lH-benzimidazole , 

f 5-dif luorome thoxy- 6 -me thoxy-2- [ (4, 5-d ime thoxy- 2 -pyr idy 1) - 
*1 methylsulf inyl] -lH-benz imidazole , 

% 5-dif luorome thoxy- 6 -me thoxy- 2- I 4 , 5-dime thoxy-2 -pyr idy 1) - 

q 

/ methylthio] -lH-benzimidazole , 

% i 2- [ ( 3 , 4 -dime thoxy- 5-me thy 1-2-pyr idyl) methylsulf inyl] - 5S 
tr i f luorome thoxy- lH-benz imidazole , 
{?& ffi 2- [ ( 3 , 4-dime thoxy- 5-me thy 1-2-pyr idyl) methylthio] -5^/ 
tr i f luorome thoxy- lH-benz imidazole , 

10 f t *f 2, [ (3,4-dimethoxy-5-methyl-2-pyridyl)methylsulf inyl] ^5S 

(1,1,2, 2-tetr af luoroe thoxy ) -IH-benz imidazole , 
(?0 %\ r / 2-[ (3, 4-dimethoxy-5-methyl-2-pyr idyl)methylthio] -5£> 
(1,1,2,2, -tetr af luoro-e thoxy ) -lH-benz imidazole , 
(^(J 2 " t ^ 3 ' 4 ~ d i methox y"5-methyl-2-pyr idyl) me thylsulf inyl ] 

15 (2,2, 2-trif luoroethoxy) -lH-benzimidazole , 

fO *f c f 2 ~ t < 3 ' 4 -dime thoxy- 5-me thy 1-2-pyr idyl) -methylthio] -5Q 

(2,2, 2-trif luoroethoxy) -lH-benzimidazole , 
PO f 5-dif luoromethoxy-2- t ( 3 , 4-dimethoxy-5-methyl-2-pyr idyl) - 
^ methylsulf inyl] -lH-benz imidazole , 

2Q^O f 5-dif luoromethoxy-2- [ ( 3 , 4-dimethoxy-5-me thyl-2-pyr idy 1) - 
f methylthio] -lH-benzimidazole , 

5-chlorod if luoromethoxy-2- [ ( 3 , 4-d ime thoxy- 5-me thy 1-2 -pyr idyl ) - 
*7 methylsulf inyl] -lH-benz imidazole , 

5-chlorod if luoromethoxy-2- [ ( 3 , 4 -dime thoxy -5-me thy 1-2 -pyr idy 1) - 
25 methylthio] -lH-benz imidazole , 

& % 5, 6-bis (dif luorome thoxy ) -2- [ ( 3 , 4-dimethoxy-5-methyl-2S; 
^ pyr idyl) methylsulf inyl] -lH-benz imidazole , 

y 5, 6-bis (dif luorome thoxy) -2- [ (3 , 4-dime thoxy- 5-me thy l-2£? 
f pyr idyl) methylthio] -lH-benz imidazole , 

30 5-dif luorome thoxy- 6 -me thoxy- 2- [ (3 , 4 -dime thoxy- 5-me thy 1-2^? 

^ pyr idyl) methylsulf inyl] -IH-benz imidazole , 

ftO % 5-dif luorome thoxy-6-methoxy-2- [ ( 3 , 4-dimethoxy-5-methyl-2^ 

^ pyr idyl) methylthio] -lH-benz imidazole , 

P 0 Itff 2-[ (3 , 4-dimethoxy-2-pyr idyl) methylsulf inyl] -5-tr if luorome thoxy^ 
35 lH-benz imidazole , 

P tj $ ,^ 2 ~ 1(3, 4-d ime thoxy-2 -pyr idyl) methylthio] -5-tr if luorome thoxy^ 
IH-benzimidazole , 
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PO % A 2-[ (3,4-dimethoxy-2-pyridyl)methylsulf inyl] -5- (1 , 1 , 2 , 2-te tra- 

f luoroethoxy) -lH-benzimidazole , 
pg? %/j 2- [ (3 , 4-d imethoxy-2-pyr idyl) methylthio] -5- (1 , 1 , 2 , 2-tetra- 

f luoroethoxy) -IH-benz imidazole , 
2- [ ( 3, 4-d imethoxy-2-pyr idyl) methylsulf inyl] -5- ( 2 , 2 , 2-tr i f luoro- 
ethoxy) -IH-benzimidazole , 
fa 2- [ (3 , 4-d imethoxy-2-pyr idyl) methylthio] -5- (2,2, 2-tr if luoro- 

ethoxy) -lH-benzimidazole , 
fO %i 5-dif luoromethoxy-2-[ (3 , 4-d imethoxy-2-pyr idyl) methylsulf inyl]<£> 
10 lH-benzimidazole , 

PO %tf 5-dif luoromethoxy-2- [ (3 , 4-d imethoxy-2-pyr idyl) methylthio]^) 
IH-benz imidazole , 
P& f 5-chlorod if luoromethoxy-2- [ (3 , 4-d imethoxy-2-pyr idyl) - 
^ methylsulf inyl] -lH-benzimidazole , 

15 fO f 5-chlorodif luoromethoxy-2- [ (3 , 4-d imethoxy-2-pyr idyl) 
*7 methylthio] -IH-benz imidazole , 

PO t 5,6-bis (dif luoromethoxy) -2-[ ( 3 , 4-dimethoxy-2-pyr idyl) - 
€ f methylsulf inyl] -IH-benzimidazole, 

fO 5,6-bis (dif luoromethoxy) -2-[ (3, 4-d imethoxy-2-pyr idyl ) - 

20 ^ methylthio] -IH-benzimidazole , 

Pi) ^ 5-dif luoromethoxy-6-methoxy-2- [ ( 3 , 4-dimethoxy-2-pyr idyl) 

*f methylsulf inyl] -lH-benzimidazole , 

fO % 5-dif luoromethoxy-6-methoxy-2- [ (3 , 4-d imethoxy-2-pyr idyl) - 
methylthio] -IH-benz imidazole , 
25 f O $<f2, 2-dif luoro-6- [ (4 , 5-dimethoxy-2-pyr idyl) methylsulf inyl] - 
t~L- 5H- [1,3] -dioxolo- [ 4 , 5-f ] ben z imidazole , 

2, 2-dif luoro-6- [ (4 , 5-dimethoxy-2-pyr idyl) methylthio] -5H- [1, 3]g? 
dioxolo- [ 4 , 5-f ] ben z imidazole , 
$ $ 2 , 2-dif luoro-6- [ (3-methyl-4 , 5-dimethoxy-2-py r idyl) methyl thio]^ 
30 L * 5H-[l,3]-dioxolo[4,5-f ] benzimidazole , 

IPO f 2 , 2-dif luoro-6- [ (3-methyl-4 , 5-dimethoxy-2-pyr idyl) 

ft methylsulf inyl] -5H-[1, 3] -dioxolo [4, 5-f ] benzimidazole, 

f 6- [ (4 , 5-d iethoxy-3-me thy 1-2-pyr idyl) methylthio] -2 , 2-d if luor<g5? 
£gjfi 5H-[1, 3] -dioxolo [4, 5-f ] benzimidazole, 

3 5 #0 f f <1 6- [ (4 , 5-d iethoxy-3-methy 1-2-pyr idyl) methylsulf inyl] -2,2^ 
(jQj) dif luoro-5H- [ 1 , 3] -dioxolo [ 4 , 5-f ] benzimidazole , 

PO $ 6,6, 7-tr if luoro-6 , 7-dihydro-2- [ (4 , 5-dimethoxy-3-methyl-2-^ 
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y$s$ pyr idyl)methylthio-lH- [1,4] -dioxino [2 , 3-f ] benzimidazole, 
$ 6 , 6 , 7-tr if luoro-6 , 7 -di hydro- 2- 1(4, 5-d ime thoxy-3-me thy 1-23? 
py r idyl) methylsulf inyl] -1H- [1,4] -dioxino [2, 3-f ] - 
benzimidazole , 

SpQ f 6,6 , 7-tr if luoro-6 , 7-dihydro-2- [ (4 , 5-dimethoxy-2-pyr idyl) - 
9* methylthio] -1H-[1,4] -dioxino- [ 2 , 3-f ] benzimidazole , 

% 6,6, 7-tr if luoro-6 , 7-dihydro-2- [ ( 4 , 5-d ime thoxy- 2-pyr idyl) - 
y ( lj j methylsulf inyl] -1H- [ 1 > 4 ] -dioxino [ 2 , 3-f] benzimidazole, 

P 0 $// _^2- [ ( 4 , 5-d iethoxy-2-pyr idyl)methylthio] 6,6, 7-trif luoro- 
6 , 7-dihydr o-lH- [ 1 , 4 ] -dioxi no [ 2 , 3-f ] benz imidazole , 
2- [ ( 4 , 5-diethoxy-2-pyr idyl) methylsulf inyl] -6 , 6 , 7-tr i f luoro- 

6 , 7-dihydro-lH- [1,4] -dioxino [2, 3-f] benzimidazole, 
2- [ (4 , 5-diethoxy-3-methyl-2-pyr idyl) methylthio] -6,6,7^ 

tr if luoro-6 , 7-dihydro-lH- [ 1 , 4 ] -dioxino [ 2 , 3-f ] benzimidazole , 
2- [ (4 , 5-diethoxy-3-methyl-2-pyr idyl) methylsulf inyl] -6 , 6 , 7S> 
(Jf/JD tr if luoro-6 , 7-dihydro-lH- [ 1 , 4] -dioxino [ 2 , 3-f ] benzimidazole , 

6 , 6-dif luoro-6 , 7-dihydro-2- [ (4 , 5-d ime thoxy-2-py r idyl )- 
h "^ius) methylthio] -1H- [ 1 , 4 ] -dioxino [ 2 , 3-f ] benzimidazole , 

f 6 , 6-dif luoro-6 , 7-dihydro-2- [ ( 4 , 5-d ime thoxy- 2-pyr idyl) - 
20 ^ L%Jl) methylsulf inyl] -1H- [ 1 , 4 ] -dioxino [ 2 , 3-f ] benzimidazole , 

9 (J % 6 , 6-dif luoro-6 , 7-dihydro-2- [ (4 , 5-dimethoxy-3-methyl-2-pyr idyl) - 
^ methylthio] -1H- [ 1 , 4 ] -dioxino [ 2 , 3-f ] benzimidazole , 

f 6 , 6-dif luoro-6 , 7-dihydro-2- [ (4 , 5-d ime thoxy-3-me thy 1-2-pyr idyl ) - 
c } {J^jj) methylsulf inyl] -1H- [ 1 , 4 ] -d i ox i no [ 2 , 3-f ] benz imidazole , 
25 ^ % 6,6,7, 7-tetraf luoro-6 , 7-dihydro-2- [ (4 , 5-d ime thoxy-2-pyr idyl) - 
^ * QjI^ methylthio] -1H- [ 1 , 4] -dioxino [ 2 , 3-f ] benzimidazole , 

PO $ 6 * 6 , 7, 7-tetraf luoro-6 , 7-dihydro-2- [ (4 , 5-dimethoxy-2-py r idyl) - 
methylsulf inyl] -1H-[1,4] -dioxino [2 , 3-f ] benzimidazole , 
g 6, 6, 7, 7-tetraf luoro-6, 7-dihydro-2-[ ( 4 , 5-dimethoxy-3-methy l£p 
30 V*C&^jP 2-pyr idyl) methylthio] -1H-[1,4] -dioxino [ 2 , 3-f ] 

benzimidazole, 

PO 8 6, 6, 7, 7-tetraf luoro-6, 7-dihydro-2-[ ( 4 , 5-dimethoxy-3-methylO 
e l (t^) 2-pyr idyl) methylsulf inyl] -1H-[1,4] -dioxine [ 2 , 3-f ] - 

benzimidazole , 

35$ 0 % 6-chloro-6 , 7 , 7-tr i f luoro-6 , 7-dihydro-2- [ (4 , 5-d ime thoxy- 3^ 
^ , $ /} methyl-2-pyr idyl) methylsulf inyl] -1H- [1, 4] - 

LL dioxino [ 2 , 3-f ] benzimidazole, Afy 

a? 
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PO % 6-chloro-6,7,7-trif luoro-6 , 7-dihydro-2- t (4 , 5-dimethoxy-33?' 

~/ ^iQ/y methyl-2-pyridyl)raethylthio]-lH-[l,4]-dioxino[2,3-f ]- 

benzimidazole , 

C 6-chloro-6 , 7 , 7-tr if luoro-6 , 7-dihydro-2- [ ( 4 , 5-dimethoxy-2g? 
5 ^ pyridyl^nethylsulf inyl] -1H- [1, 4] -dioxino [2,3-f ]£> 

benzimidazole, 

. C^6-chloro-6 , 7 , 7-tr i f luoro-6 , 7-dihydro-2- [(4, 5-d ime thoxy- 2^ 
? pyr idyl >nethylthio] -1H- [1, 4] -dioxino[2, 3-f] benzimidazole, 

2 , 2-d if luoro-6- [ (3 , 4-d imethoxy-2-pyr idyl) methylsulf inyl]© 
10 , 5H- [1,3] -dioxolo [ 4 , 5- f ] benzimidazole , 

' ^2 , 2-d if luoro-6- [ ( 3 , 4-dimethoxy-2-pyr idyl) methylthio] -5H^ 
I [ 1 , 3] -dioxolo- [ 4 , 5-f ] benzimidazole , 
C^2 , 2-d if luoro-6 - [ ( 3 , 4-d imethoxy-5-methyl-2-pyr idy 1 ) me thy 1th io ]cS? 
5H- [1,3] -dioxolo [ 4 , 5-f ] benzimidazole , 
15 C^2 , 2-d if luoro-6- [ (3 , 4-dimethoxy-5-methyl-2-pyr idyl) 

methylsulf inyl] -5H- [1,3] -dioxolo [4 , 5-f ] benzimidazole , 
> 6- [ ( 3 , 4-diethoxy-5-methyl-2-pyr idyl) methylthio] -2 , 2-d if luoro^ 
5H- [1,3] -dioxolo [ 4 , 5-f ] benzimidazole , 
6-[ ( 3, 4-d ie thoxy- 5-me thy 1-2-pyr idyl) methylsulf inyl] -2, 2^ 
20 ?_ _ dif luoro-5H- [1,3] -dioxolo [ 4 , 5-f ] benzimidazole , 

<C^~ 6 , 6 , 7-tr if luoro-6 , 7-dihydro-2- [ ( 3 , 4-d ime thoxy -5 -me thy 1-2^ 
pyr idyl) methylthio] -1H- [ 1 , 4 ] -d iox ino [ 2 , 3-f] 
benzimidazole, 

<pS , 6 , 7-tr if luoro-6 , 7-dihydro-2- [ { 3 , 4-d ime thoxy- 5-me thy 
25 1 pyr idyl) methylsulf inyl] -1H- [1,4] -dioxino [2 , 3-f] 

^ — =- benzimidazole, 



30 




6 , 6 , 7-tr if luoro-6 , 7-dihydro-2- [ ( 3 , 4-d imethoxy-2-pyr idyl ) 

methylthio] -1H- [ 1 , 4 ] -d iox ino [ 2 , 3-f ] benz imidazole , 
"6 , 6 , 7-tr i f luoro-6 , 7-dihydro-2- [ ( 3 , 4-d ime thoxy- 2 -pyr idy 1 ) - 
methylsulf inyl] -1H- [ 1 , 4 ] -dioxino [ 2 , 3-f ] benzimidazole , 
<f^ 2- [ ( 3 , 4-d ie thoxy- 2-pyr idyl) methylthio] -6 , 6 , 7-tr i f luoro-6 , 7& 

dihydro-lH- [ 1 , 4 ] -d iox ino [ 2 , 3-f ] benz imidazole , 
p 2- [ ( 3 , 4-d ie thoxy- 2-pyr idyl) methylsulf inyl] -6,6, 7-tr if luoro- 
6 , 7-dihydro-lH- [ 1 , 4 ] -d iox ino [ 2 , 3-f ] benz imidazole , 
35 7 2- [ (3 , 4-diethoxy-5-methyl-2-pyr idyl) methylthio] -6 , 6 , 7^i 

l_ tr if luoro-6 , 7-d ihydro-lH- [ 1 , 4] -dioxino [ 2 , 3-f ] benzimidazole , 

pO 2- [ (3 , 4-d ie thoxy- 5-me thy 1-2-pyr idyl) methylsulf inyl] -6,6, 7^^^ 

$>? 

Sh 



^WjJ tr if luoro-6 , 7-dihydro-lH- [ 1 , 4 ] -d iox ino [ 2 , 3-f ] benz imidazole , 

Y 6 , 6-dif luoro-6 , 7-d ihydro-2- [ ( 3 , 4 -dime thoxy- 2 -pyr idyl) 
r *$^0 methyl thio] -1H- [1,4] -dioxino [ 2 , 3-f ] benz imidazole , 

6 , 6-dif luoro-6 , 7-d ihydro-2- [ ( 3 , 4-dime thoxy-2-pyr idyl) - 
^ methylsulf inyl] -1H- [ 1 , 4 ] -d iox ino [ 2 , 3-f ] benz imidazole , 
f 6 , 6-dif luoro-6 , 7-d ihydro-2- [ (3 , 4-dimethoxy-5-methyl-2-pyr idyl) - 

methylthio] -1H- [ 1 , 4 ] -d iox ino [ 2 , 3-f ] benz imidazole , 
<p5 , 6-dif luoro-6 , 7-d ihydro-2- [ ( 3 , 4-dimethoxy-5-methyl-2-pyr idyl) - 
L- . methylsulf inyl] -1H- [1,4] -diox ino [ 2 , 3-f ] benz imidazole , 
C, 6 , 6 , 7 , 7- te tr af luoro-6 , 7-d ihydro-2- [ { 3 , 4-dime thoxy- 2 -pyr idyl ) - 
^ methylthio] -1H- [ 1 , 4 ] -d iox ino [ 2 , 3-f ] benz imidazole , 

<T*6 ,6,7, 7-tetraf luoro-6 , 7-d ihydro-2- [ (3 , 4 -dime thoxy- 2 -pyr idyl) - 
) methylsulf inyl] -1H- [1,4] -diox ino [ 2 , 3-f ] benz imidazole , 

^6,6,7, 7-tetraf luoro-6 , 7-d ihydro-2- [ ( 3 , 4-dime thoxy- 5 -me thy Xz> 
. 2-pyr idyl)methylthio] -1H-[1,4] -dioxino [ 2 , 3-f ] - 
benzimidazole , 

C 6,6,7, 7-tetraf luoro-6 , 7-d ihydro-2- [ (3 , 4 -dime thoxy- 5-methyl-^) 
pyr idyl) methylsulf inyl] -1H- [1, 4] -dioxino [ 2 , 3-f ] - 
benzimidazole , 

6-chloro-6 , 7 , 7-tr i f luoro-6 , 7-d ihydro-2- [ ( 3 , 4-dimethoxy-5&) 

methyl-2-pyr idyl )methylsulf inyl] -1H-[1,4] -dioxino [ 2 , 3-f ] - 
benzimidazole, 

^~6-chloro-6 , 7 , 7-tr i f luoro-6 , 7-d ihydro-2- [ (3 , 4-d ime thoxy- 5j^J> 
4 methyl-2-pyr idyl)methylthio] -1H-[1,4] -dioxino [ 2 , 3-f ] - 

^ — & benzimidazole, 

(T~6-chloro-6 , 7 , 7-tr if luoro-6 , 7-d ihydro-2- [ ( 3 , 4 -dime thoxy- 23? 
^ pyr idyl) methylsulf inyl] -1H- [1, 4] -diox ino [2 , 3-f] 

Cw~*- benzimidazole, 

f** 6-chloro-6 , 7 , 7- tr i f luoro-6 , 7-d ihydro-2- [ (3 , 4-d imethoxy^ 

< 2-pyr idyl) methylthio] -1H- [ l,4]-dioxino[2,3-f]- 
C^--... benzimidazole , 

< 6- [ (4 , 5-dime thoxy- 3 -methyl- 2-pyr idyl) -methylthio] -5H- [1,3]- 
dioxolo [ 4 , 5- f ] benz imidazole, 

6- [ (4 , 5-dime thoxy- 3 -methyl- 2-pyr idyl) -methylsulf inyl] -5H-^ 
[ 1 , 3 ] -d ioxolo [ 4 , 5-f ] benzimidazole , 



^ 6- [ (4 , 5-dime thoxy-2-pyr idyl) methylthio] -5H- [1, 3] - 
dioxolo [ 4 , 5-f ] benzimidazole , 




rJ ) 6- [ (4 , 5-dimethoxy-2-pyr idyl) methylsulf inyl] -5H- [1,3]- 
6 / dioxolo [ 4 , 5-f ] ben2imidazole , 

6- t (3,4-dimethoxy^2-pyridyl) -methylthio] -5H- [1, 3] - 

dioxolo [ 4 f \s-f]Jben z imidazole , 
"6- [ (3 , 4-d imetho#y^-pyr idyl) methylsulf inyl] -5H- [1,3]- 

dioxolo [4 , 5-f ] ben z imidazole . 
6- [ (3 , 4-d imethoxy-5-me thy 1-2-pyr idyl) methylthio] -5H^ 
4^ [1,3] -dioxolo [ 4 , 5-f ] -ben z imidazole , 

^T^6- [ ( 3 , 4-dimethoxy-5-methyl-2-pyr idyl) methylsulf inyl] - 
10 5H ~ f 1 ' 3 1 -dioxolo [ 4 , 5-f ] ben z imidazole , 

6,7-dihydro-2- [ (4 , 5-dimethoxy-3-methyl-2-pyr idyl)- 

methylthio] -1H-[1,4] -d ioxi no [ 2 , 3-f ] benz imidazole , 
r"~6 , 7-dihydro-2- [ (4 , 5-dimethoxy-3-methyl-2-pyr idyl)- 
e ^ methylsulf inyl] -1H- [1, 4] -d ioxi no [ 2 , 3-f ] benz imidazole , 

15 S 6 ' 7-dihydro-2- [ ( 3 , 4-dimethoxy-5-methyl-2-pyr idyl)- 

methylthio] -1H- [ 1 , 4] -d ioxi no [ 2 , 3-f ] benz imidazole , 
"6 , 7-dihydro-2- [ ( 3 , 4-d imethoxy-5-me thy 1-2-pyr idyl ) - 

methylsulf inyl] -1H- [1, 4] -d ioxi no [2 , 3-f ] benz imidazole , 
<T*6/ 7-dihydro-2- [ ( 3 , 4-d imethoxy-2-pyr idyl) methylthio] -lHfp 
20 \^ [l,4]-dioxino[2,3-f ] benzimidazole and 

6 , 7-dihydro-2- [ ( 4 , 5-d imethoxy-2-pyr idyl) methylsulf inyl] -lH^J 
[ 1 , 4 ] -d ioxi no [ 2 , 3-f ] benzimidazole , 
/^iS and salts of these compounds. 

Due to the tautomerism in the imidazole ring, 
25 5-subst i tut ion in the benzimidazole is identical to 

6-subs t i tut ion . Accordingly, in the compounds in which Rl 
and Rl 1 together, with inclusion of the oxygen atom to 
which Rl is bonded, represent a substituted ethylenedioxy 
radical, the 6-position in the [ 1 , 4] -dioxino [2 r 3-f ] - 
30 benzimidazole part is identical to the 7-position. 

The invention furthermore relates to a process for the 
preparation of the dialkoxypyr idines of formula I, wherein 
fyQ Rl, Rl', R2, R3, R4 and n have their noted meanings, and of 
their salts. 
35 The process comprises reacting: 

^ (a) a mercaptobenzimidazole of formula II with a picoline 
derivative III 

V 





• - • 



40 



R1 ' 



R1-0 




H 

I 

N 



R3 




// 



-SH 



R2 



/\ 



2*-CH 2 - 



r 



(in 



( in > 



P 



0 



(b) a benzimidazole of formula IV with a mercaptopicoline V 
R1 ' 



R1-0 





R2> 




HS-CH 2 - 



( IV) 



(V) , 



P (c) an o-phenylenediamine of formula VI with a formic acid 
5 derivative VII 

R3 



R1 ' 



\/\/ NH; 



R1-0 




R2 



N H: 



HOOC-S-CH 2 - 



V./ 



(VI ) 



(VII ) . 
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and, if appropriate, the 2-benzimidazolyl 2-py r idylme thyl 
sulfides of formula VIII obtained according to (a) , (b) or 
(c) 

" R3 

Ri-0 






R4 



— w 



(VIII ) . 



J) are then oxidized and/or converted into salts, 
P (d) a benzimidazole of formula IX with a pyridine 
derivative X 

&; 
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f 0 



R1 ' 



Rl-0 




R3 



S-CH : -M 



k^ 1 



( IX) 



(X) , 



(e) a sulfinyl compound of formula XI with a 2-picoline 
derivative XII 



R1-0 




R3 




M'-CH 2 - 



"Y C 



R4 



(XI ) 



(XII). 



L 



and, if appropriate, the products are converted into salts, 
Y, Z, Z' and Z' ' being suitable leaving groups, M 
representing -an alkali-metal atom (Li, Na or K) , M' 
representing the equivalent of a metal atom and Rl, Rl ' , 
R2 , R3 , R4 and n having their above-mentioned meanings. 
10 The compounds II-XII are employed in the indicated 

reactions in their free states or as salts. 

Preparation processes (a) , (b) and (c) lead to the 
sulfides according to the invention, and the oxidation of 
compounds VIII and processes (d) and (e) give sulfoxides 
15 according to the invention. 

Those skilled in the art are familiar with suitable 
leaving groups Y, Z, Z f and Z' 1 . A suitable leaving group 
Y is, for example, a group which forms a reactive sulfinic 
acid derivative together with the sulfinyl group to which 
20 it is bonded. Examples of suitable leaving groups Y are 

alkoxy, dialkylamino and alky Imercapto groups. Examples of 
IfQ^I} suitable leaving groups Z, Z or Z*' are halogen atoms, in 
particular chlorine atoms, or hydroxyl groups activated by 
ester i f icat ion (for example with p-toluenesulf onic acid). 
25 9® The equivalent of a metal atom M' is, for example, an 
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alkali-metal atom (Li, Na or K) , or an alkaline-earth-metal 
atom (for example Mg ) , which is substituted by a halogen 
atom (for example Br, Grignard reagent), or any other 
optionally-substituted metal atom which is known to react 
like the noted metals in replacement reactions of 
organometallic compounds . 

The reaction of II with III is carried out in known 
manner in suitable, preferably polar, protic or aprotic 
solvent (such as methanol, isopropanol, dimethyl sulfoxide, 
acetone, d i me t h y 1 f o r mam i de or ac e ton i t r i le ) with the 
addition of or exclusion of water. It is carried out, for 
example, in the presence of a proton acceptor. Examples of 
suitable proton acceptors are alkali-metal hydroxides, such 
as sodium hydroxide, alkali-metal carbonates, such as 
potassium carbonate, or tertiary amines, such as pyridine, 
tr iethylamine or ethyldi isopropylamine . Alternatively, the 
reaction is carried out without a proton acceptor, in which 
case, depending on the starting compounds, the 
acid-addition salts are first obtained in a particularly 
pure form. The reaction temperature is, e.g., between 0° 
and 150°C (depending on the reactants involved) , 
temperatures between 20° and 80°C being preferred in the 
presence of proton acceptors and temperatures between 60° 
and 120°C (in particular the boiling point of the solvent 
used) being preferred without proton acceptors. The 
reaction times are between 0.5 and 24 hours. 

Reaction conditions similar to those in the reaction 
of II with III are used in the reaction of IV with V, which 
is carried out in a known manner. 

The reaction of VI with VII is preferably carried out 
in polar, optionally water -contain i ng solvents in the 
presence of a strong acid, for example hydrochloric acid, 
preferably at the boiling point of the solvent used. 

The oxidation of the sulfides VIII is conventionally 
carried out under conditions known to be suitable for the 
oxidation of sulfides to sulfoxides [cf . J. Drabowicz and 
M. Mikola jczyk , Or Sgn^ic^Pr S £ L 22. S^SSS^EE 2£££l 
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14(1-2), 45-89 (1982) or E. Block in S. Patai, The 
Chemist^ , Supplement E, Part 1, pages 

53^608 , John Wiley and Sons ( Inter science Publication), 
€j 1980]. Illustrative oxidizing agents are all reagents 

5 usually employed for the oxidation of sulfides to 

sulfoxides, for example hypohalites, and in particular 
peroxyacids, such as peroxyacetic acid, 
tr if luoroperoxyacetic acid , 3 , 5-dini troperoxyben zoic ac id , 
peroxymaleic acid or, preferably, m-chlor oper oxybenzoic 

10 acid. 

The (oxidation) reaction temperature is between -70°C 
and the boiling point of the solvent used (depending on the 
reactivity of the oxidizing agent and the degree of 
dilution) , but preferably between -50° and +20°C. The 
15 oxidation is advantageously carried out in inert solvents, 

for example aromatic or chlorinated hydrocarbon, such as 
benzene, toluene, d ichlorome thane or chloroform; esters, 
such as ethyl acetate or isopropyl acetate; or ethers, such 
as dioxane, with the addition of water or without water. 
20 The reaction of IX with X is preferably carried out in 

an inert solvent usually employed for the reation of 
enolate ions with alkylating agents. Examples include 
aromatic solvents, such as benzene or toluene. The 
reaction temperature is as a rule between 0° and 120°C 
25 (depending on the nature of the alkali-metal atom M and the 

leaving group Z), the boiling point of the solvent used 
£ being preferred. For example [if M represents Li (lithium) 
and Z represents CI (chlorine) and the reaction is carried 
out in benzene], the boiling point of benzene (80°C) is 
30 preferred. 

The compounds XI are reacted with compounds XII in a 
conventional manner and under known conditions suitable for 
the reaction of organometallic compounds. 

Depending on the nature of the starting compounds, 
35 which can optionally also be employed as salts, and 

depending on the reaction conditions, the compounds 
according to the invention are initially obtained either as 



free compounds or in the form of salts. 

The salts are obtained by dissolving the free 
compounds in a suitable solvent, for example in a 
chlorinated hydrocarbon, such as methylene chloride or 
chloroform, a low molecular weight aliphatic alcohol 
(ethanol or isopropanol) , an ether (diisopropyl ether), a 
ketone (acetone) or water, which contains the desired acid 
or base, or to which the desired acid or base is added (if 
necessary) in the precisely calculated- stoichiometric 
amount. 

The salts are obtained by filtration, reprec ipi tat ion , 
or precipitation or by evaporation of the solvent. 

Resulting salts are converted into the free compounds 
by treatment with bases or acids, for example with aqueous 
sodium bicarbonate or with dilute hydrochloric acid, and 
the free compounds are optionally converted into their 
salts. In this manner, the compounds are purified, or 
pharmacologically- unacceptable salts are converted into 
pharmacologically-acceptable salts . 

The sulfoxides according to the invention are 
optically active compounds. The invention therefore 
relates both to the enantiomers and to their mixtures and 
racemates. The enantiomers are separated by known methods 
(for example, by preparation and separation of 
corresponding diastereoisomers) . However, the enantiomers 
are also prepared by asymmetric synthesis, for example by 
reaction of optically-active pure or diaster eoi some r ic a 1 ly 
pure compounds XI with compounds XII [cf. K.K. Andersen, 
££££§*1££E2I1~&££ t ^ ' 93 (19 6 2)]. 

The compounds according to the invention are 
preferably synthesized by reaction of II with III and, if 
appropriate, subsequent oxidation of the sulfide VIII 
formed . 

The compounds of the formula II are known (cf. German 
Of f enlegungsschr if t 3 , 132 , 613) and are prepared by known 
methods from known starting materials. Compounds II are 
obtained, for example, by reacting compounds VI with carbon 
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disulfide in the presence of alkali-metal hydroxides or 
with alkali-metal O-ethyl di thiocar bonates . 

Compounds of formula VI are synthesized in a known 
manner by the general preparation methods described in the 
following equation A: 
§3HS£,i on^A : 



0 



B1 • 



R1 -0 




R1-0 



}— NO z > 



(A1 ) 



(A2) 



R1 ' 



R1-0 




( CH3 COj ) 0 
}_NH Z > 



R1 ' 



R1-0 




1 HNO3 
}-NHC0CH 3 > 



(A3) 



(A*) 



R1 -0 




R1 * 



Hydrolysi s 



■> 



1 NO; 



NH j H i 



-> VI 



(A5) 



(A6) 



10 



15 



P 



The starting compounds Al - A3 are prepared by known 



$~ methods or by methods analogous to the following 



Org. 



Chem. 44, 



( 1964 ) 



2907,-2910 



(1979) 



Org . Chem,. 



[cf . 
29, 



J . 



V 1 



German Of f enlegungsschr if t, 2,029,556; German 
Of f enlegungsschr if t 2,848,531; ^. Fluorine Chem. 18, 281-91 



case 



Optionally , isomer 
of non - i d e n t i c a 1 



(1981); and S ynthesis 1980 , 72*^-8] 
mixtures are prepared in the 
substituents Rl 1 and R1-0-. 

Compounds IV, IX and XI are conventionally prepared, 



a 

2? 
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10 



for example, from compounds II. 

Compounds IX are obtained, for example, from compounds 
II by methylation, oxidation and subsequent depr otonat ion , 
for example, with alkali-metal hydrides or alcoholates or 
customary organometallic compounds. Compounds X are 
prepared according to Z. Talik, Roczniki chem. 3 5, 475 
(1961) . ' " ^ 

Compounds III are prepared in various ways: 



!• Compounds III where R2 and R3 = l-3C-alkoxy and 

Ip R4 = hydrogen or ■ 1 ?Z/ 3c " alkyl • 

i These compounds are prepared, for example, starting 



from 3-hydroxy- or 3-hydroxy-5-alky 1-pyr idines (which are 

15 known or are conventionally prepared from known starting 

materials) by benzylation of the hydroxyl group (for 

example with potassium hydroxide .and benzyl chloride in 

dimethyl sulfoxide), N-oxidation (for example with 30% 

strength hydrogen peroxide) , nitration in the 4-position 

20 (for example with nitrating acid) , replacement of the nitro 

group by the 1^3C-alkoxy group (for example by reaction 

with alkali-metal alkoxide) , reductive debenzylat ion and 

simultaneous N-deoxygenat ion (for example with hydrogen 

over palladium-on-charcoal in an acid medium) , introduction 

25 of the hydr oxyme thyl group in the o-position relative to 

the pyridine nitrogen (for example by reaction with 

alkaline formalin solution), conversion of the 3-hydroxy 

group into a l-3C-alkoxy group (for example by alkylation 
'l 

with l-3C-alkyl iodide in a basic medium) and introduction 
30 of the leaving group Z' (for example by reaction with 

thionyl chloride). In a preferred alternative, the 
compounds are prepared starting from 3-hydroxy- 2 -alky 1- or 
3-hydroxy-2 , 5-d i alky 1-pyr idines (which are known or are 
conventionally prepared) by alkylation of the hydroxyl 
35 group (for example with potassium hydroxide and methyl 

iodide in dimethyl sulfoxide), N-oxidation (for example 
with 30% strength hydrogen peroxide), nitration in the 



*3 f? 
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4-position (for example with nitric acid), replacement of 
the nitro group by the l-3C-alkoxy group (for example by 
reaction with alkali-metal alkoxide) , conversion into the 
2-ace toxyme thy lpyr idine (for example with hot acetic 
anhydride), hydrolysis (for example with dilute sodium 
hydroxide solution) to the hydr oxyme thyl group and 
introduction of the leaving group Z' (for example by 
reaction with thionyl chloride) . 

2. Compounds III where R3 and R4 = l-3C-alkoxy and 
R2^^hydrogen . 

ft These compounds are prepared, for example, starting 
from known 5-hydroxy-2-me thylpyr idines by alkylation of the 
hydroxyl group (for example with l-3C-alkyl iodide and 
potassium hydroxide in dimethyl sulfoxide) , N-oxidation 

(for example with 30% strength hydrogen peroxide) , 
nitration in the 4-position (for example with nitrating 
acid), replacement of the nitro group by the l-3C-alkoxy 
group (for example by reaction with alkali metal 'alkoxide) , 
conversion into the 2-ace toxyme thy lpyr idine (for example 
with hot acetic anhydride), hydrolysis (for example with 
dilute sodium hydroxide solution) to the 2-hydr oxyme thy 1 
group and introduction of the leaving group Z* (for example 
by reaction with thionyl chloride) . 

3. Compounds III where R3 and R4 = l-3C-alkoxy and 
R2 = l-3C-alkyl. f 

These compounds are prepared, for example, starting 
from 2-methyl-3-alkyl-4-alkoxypyr idines which are known or 
are conventionally prepared (see, for example, European 
APaten£^A-0 ,080 , 602) , by N-oxidation (for example with 30% 
strength hydrogen peroxide), controlled acetoxylat ion and 
subsequent hydrolysis in the 5-position (for example with 
acetic anhydride and subsequently sodium hydroxide 
solution), alkylation of the 5-hydroxy group (for example 
with l^-3C-alkyl iodide and sodium hydroxide solution in 
dimethyl sulfoxide), N-oxidation (for example with 
m-ch lor ope r oxy ben zo ic acid), conversion into the 
2-ace toxyme thy lpyr idi ne (for example with hot acetic 
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15 



anhydride), hydrolysis (for example with dilute sodium 
hydroxide solution) to the 2-hydroxymethyl group and 
Ho introduction of the leaving group 2' (for example by 
reaction with thionyl chloride) . 

The specific reaction conditions (temperatures, 
reaction times, solvents and the like) in the synthesis 
routes outlined above for the preparation of the compounds 
III are familiar to the artisan. The preparation of 
individual representatives of the compounds III is 
described in the examples. Other representatives are 
prepared analogously . 
t The compounds III, wherein R3 represents 1-3 C-alkoxy, 

one of the radicals R2 and R4 represents a 1^3 C-alkoxy 
radical and the other represents a 1^3 C-alkyl radical are 
new and are also the subject of the invention. 



20 




30 



The compounds V, VII and XII are prepared, for 
example, starting from the compounds III and by employing 
conventional routes . 

The following examples illustrate the invention in 
more detail without limiting it. In the examples, m.p. 
denotes melting point, decomp. represents decomposition and 
b.p. represents boiling point. 

Examples 

i &f 1 • IziiiiS-Dijiethox^^ 

1.57 g of 2-chlorome thy 1-4 , 5-d ime thoxypyr idinium 
chloride are added to a solution of 1.64 g of 
2-mercapto-5-tr if luoromethoxy-lH-benzimidazole in 40 *I of 
ethanol and 20 ml of IN sodium hydroxide solution, the 
mixture is stirred at 20°C for 2 hours and then at 40°C for 
a further hour, the ethanol is distilled off on a rotary 
evaporator (10 mbar/40°C) and the colorless precipitate 
which thereby separates out is filtered off over a suction 
filter, rinsed with IN sodium hydroxide solution and water 
' and dried. 2.15 g (79% of theory) of the title compound of 
0*& m.p. 92-93°C are obtained. 



?5 



Sf- 
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^ T 5-Chlorodif luoromethoxy-2- [ (4 , 5-dimethoxy-2-py r idy 1 ) - 
methylthio] -lH-benzimidazole , 5-dif luoromethoxy-2b 
t (4, 5-d imethoxy-2-pyr idyl ) methylthio] -1H- be nzimidazole 
<f (oil), 5 f 6-bis (dif luoromethoxy)-2- [ (4, 5-d imethoxya 
5 G$ 2-pyridyl) methylthio] -lH-benzimidazole , 5-difluoromethoxy^ 
fi<f 6-methoxy-2- [ (4,5 dimethoxy-2-pyr idyl) me thylt hio] -1H^ 
%& benzimidazole (m.p. 159-160°C) and 5-dif luoromethoxy-6£? 

O , 6f f luoro-2- [ (4 , 5-dimethoxy-2-pyridyl)methylthio] -1 H-benzimidazole 
are obtained analogously by reacting 5-chlorodif luoromethoxy-2^ 
10 mercapto-lH-benzimidazole, 5-difluoromethoxy- 2& 

me rcapto-lH- be nzimidazole, 5,6-bis(di f luor ome t hox y ) - 2& 
me reap to- IH-benz imidazole , 5-dif luoromethoxy-2 -me reap to- 63^ 
methoxy-lH-benzimidazole and 5-difluoromethoxy - 6d? 
fluoro-2-mercapto-lH- benzimidazole with 
15 2-chloromethyl-4 , 5-dimethoxypyridinium chloride. 

f S %^ 2 . 2^J^5;MDi me t hox^ 

tr if luor ome thox^-lH-benz imidazole 
P 5,5 ml of a 0 . 2M solution of m-chloroperoxybenzoic 

acid in methylene chloride are added dropwise to a solution 
20 t of 0.36 g of 2- [ 4 , 5-d ime thoxy-2- pyr idyl) me thylth io]<& 
5-tr if luoromethoxy-lH- benzimidazole in 10 ml of methylene 
5/ , yo chloride at -50°C and the mixture is stirred at the stated 
temperature for a further 30 minutes. After addition of 
0.3 ml of t r i e thy lamine , the cold reaction mixture is 
25 stirred into 10 ml of 5% strength sodium thiosulfate 

solution and 10 ml of 5% strength sodium carbonate 
solution. After phase separation three further extrations 
with 10 ml of methylene chloride are performed, the 
combined organic phases are washed once with 5 ml of 5% 
30 strength sodium thiosulfate solution and dried. The drying 

agent (magnesium sulfate) is filtered off and the filtrate 
is concentrated. The residue is crystallized with 
diisopropyl ether and is then reprec ipi tated from methylene 
chlor ide/diisopropyl ether. 0.27 g (72% of theoretical) of 
35 the title compound is obtained as a colorless solid of m.p. 



2^? 159-61°C (decomp.). 
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5-Chlorodifluoromethoxy-2 - [ (4 , 5-dimethoxy-2<£> 
<9 pyridyl) me thylsulf inyl] -1H- benzimidazole, 
g 5-difluoromethoxy- 2 - [ (4 , 5 - d i m e t h o x y - 2<? 
^ ; | ( ^pyridyDroethylsulf inyl]- lH-benz imidazole [m.p. 159°C 
5 ^ ( d e c o m p . ) ] , 5 , 6 -b i s ( d i f luor ome t hox y ) - 2^ 
t (4,5-dimethoxy-2-pyridyl)methylsulfinyl]^v 
IH-benzimidazole , 5-d i f luorome thoxy-6-methoxy-2(^ 
tt*f [ (4, 5-dimethoxy- 2-pyr idyl) methylsulf inyl] -1 

benzimidazole and S-difluoromethoxy-S—^ 
10 & r fluoro-2,2-[ ( 4 , 5-d ime thoxy- 2-pyr idyl) methylsulf inyl] -1H^ 

benzimidazole are obtained analogously by oxidation of 
other sulfides of Example 1 with m-chlor operoxybenzoic 
ac i d . 

g t *f 3 . ^-Xii^S^Dime thox^ z 2 zEi rr id^llmeth^.lth ioX z 5 z ^l^l i 2^2^ 

j$ 1.40 g of the title compound are obtained as a yellow 

oil by the procedure described in Example 1, by reacting 
1.07 g of 2-mercapto-5-(l,l,2,2-tetrafluoroethoxy) 
-IH-benzimidazole with 0.90 g of 2 -c h lo r ome t h y 1 - 4 , &£> 
20 dimethoxypyr idinium chloride in 15 ml of ethanol with the 

addition of 17 ml of 0.5 N sodium hydroxide solution. 
Recry stalli zat ion from petroleum ether yields 1.20 g (72% 
of theoretical) of the desired compound as colorless crystals 

of m.p. 125 / -127°C. 
25 4. 2 z J^4^5 z Dimetho.x^ 

ii^ii^i2z££££££ iH2£2S£Ji22iZlz;iSzfe&GSi!Di^S2ole 
0 A solution of the product in methylene chloride is 

obtained by the procedure described in Example 2 by 
g oxidation of 0.76 g of 2- [ ( 4 f 5 -d i me t h o x y ^ 
30 0 2-pyr idyl) me thy 1th io] - 5-(l,l,2,2-tetrafluoroethoxy)<^ 

lH-ben z imidazole with 19 ml of a 0.1 M solution of 
m-chloroperoxybenzoic acid in 30 ml of methylene chloride 
3/, 70 at -40°C, after extraction. After drying the solution over 
magnesium sulfate, the drying agent is filtered off, the 
35 filtrate is concentrated and the residue is crystallized 

from methylene chlor ide/di isopropyl ether. 0.64 g (82% of 
theory) of the title compound is obtained in the form of ^ 

>1 % 
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3*0 colorless crystals of m.p. 16<J)^162°C (decomp.). 
hr, 5. 2^Xii5 z £imethox^-2 z g^r 
ethox^^-lH-benz^m^dazole 
(2 l.o g of 2-mercapto-S- (2 , 2 , 2-tr if luoroethoxy ) 
5 IH-benzimidazole is dissolved in 15 ml of ethanol and 8.5 

ml of IN sodium hydroxide solution, 0.90 g of 
2-chloromethyl-4 , 5- dimethoxypyr idinium chloride are added 
and the mixture is stirred for 20 hours. After addition of 
30 ml of water, the mixture is extracted three times with 
10 30 ml of methylene chloride each time, the methylene 

chloride phase is washed once with 5 ml of 0.1 N sodium 
hydroxide solution, the combined organic phases are dried 
over magnesium sulfate and, after the drying agent has been 
filtered off, the filtrate is completely concentrated. 
15 1.51 g (94% of theory) of the title compound are obtained 

%@ as an amorphous solid residue of m.p. 55-57°C. 
P^fy) 6 . l^^^^S^Dimethox^^^^^r idxllrneth^sgl f in^ll-SS? 

&tf 0.8 g of 2-[ (4,5-dimethoxy-2-pyridyl)methylthio]-5c^ 
20 (2,2,2-trif luoroethoxy) -IH-benzimidazole is dissolved in 15 

ml of dioxane and 2.5 ml of 1 N sodium hydroxide solution. 
A mixture of 3 ml of 8% strength sodium hypochlorite 
solution and 3.5 ml of IN sodium hydroxide solution are 
added dropwise in the course of 2 hours, while cooling to 
25 0^-5°C. After addition of 5 ml of 5% strength sodium 

thiosulfate solution, the mixture is concentrated to 
dryness, the residue is taken up in water and the mixture 
is brought to pH 7 with phosphate buffer. The solid which 
has precipitated out is filtered off with suction, dried 
30 and recrystalli zed from ethyl ace tate/di isopropyl ether. 

0.45 g (55% of theory) of the title compound is obtained as 
%® colorless crystals of m.p. 142 / -143°C (decomp.). 

7 • 2zIii^5-Di me t hox ^- 3-me t hziz2zEY£i^i:IlS££tYi£{li2lz:5^ 

35 ^ 1.46 g (83% of theory) of the title compound of m.p. 

12^128°C (colorless powder) are obtained by the procedure 
described in Example 1 by reaction of 1.07 g of 



2-mercapto-5- (1,1,2, 2-tetraf luoroe thoxy ) -1 H- be nz imidazole 
with 0.96 g of 2-chloromethyl-4 r 5-dimethoxy-3£) 
methylpyr idinium chloride in 12 ml of ethanol, with the 
addition of 17 ml of 0.5 N sodium hydroxide solution. 
? 8f) 8 . £zii£^5-Dime^ 

ILzli^A^^-tetr^ 

0.8 g of a pale yellow oil is obtained by the 
procedure described in Example 2 by oxidation of 0.99 g of 
tf<-"? 2 - [ (4,5-dimethoxy-3-methyl-2-pyridyl)methylthip]-5^ 
10 (1 * 1 9 2 , 2-tetraf luoroethoxy) -lH-benz imidazole with 12 ml of 

a 0.2 M solution of m-chloroperoxybenzoic acid in methylene 
5/, 2-0 chloride at -40°C for a reaction time of 1.5 hours. 

Recrystallization twice from methylene chlor ide/diisopropyl 
ether gives 0.30 g (34% of theory) of the title compound in 
15 *l*Q the form of colorless crystals of m.p. 125°C (decomp.). 

0.64 g (84% of theory) of the title compound of m.p. 



%Q 100 / -102°C (colorless crystalline powder) is obtained by the 
20 >procedure described in ExampXe— l^by reaction of 0.38 g (2 

mmol) of 5-dif luorome thoxy- 2-me reap to- lH-benz imidazole with 
0.48 g (2 mmol) of 2 - c h 1 o r om e t h y 1 - 4 , 5 -d i me t h o x y<5? 
3-methylpyr idinium chloride in 10 ml of ethanol, with the 
addition of 8.8 ml of IN sodium hydroxide solution, after 
25 ^ two hours at 50°C. 

f* ? & f 1 0 . 2 -I X 3 i 4 Z D i me t h o x% cizEXEiifiXillSS tllXl£Slialz5zii^iiiii§' 
tetraf luoroe thox^lzifiZ-^ 
P 0.38 g (1.7 mmol) of 2-c h lor ome t h y 1- 3 , 4 -d ime t hoxy- 

pyridinium chloride is added to a solution of 0.46 g (1.7 
30 mmol) of 2-mercapto-5- ( 1 , 1 , 2 , 2- te t r a f luoroe thoxy) -1H£? 

benzimidazole in 10 ml of ethanol, 10 ml of water and 1.8 
ml of 2N sodium hydroxide solution; after the mixture has 
%0 been stirred at 20°C for one hour, a further 10 ml of water 
^ are added dropwise. The mixture is then stirred at 20°C 
35 for a further four hours. The solid which has precipitated 

out is filtered off, washed with 0.01 N sodium hydroxide 
solution and then with water until neutral and dried to 
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constant weight. 0.63 g (90% of theory) of the title 
compound is obtained as a colorless crystalline powder of 

W m.p. 98-102°C. 

T 

j_ $ 5-Dif luoromethoxy-2- [ (3 , 4-dimethoxy-2-pyridy lmethyl- 

2^ thio))-1H-ben2imida2ole (m.p. 1 04^,1 08°C) and 5-dif luoromethoxyg? 
5 , ^ 6-methoxy-2- [ ( 3 , 4-dimethoxy-2-pyridylmethylthioi}- 1 H-benzimida- 
%Q zole (m.p. 137^1 38°C) are obtained analogously by reacting 



10 



9^ frf 



5-dif luoromethoxy-2-mercapto-1 H-benzimidazole and 5-dif luoro- 
me thoxy- 6 -me thoxy- 2 -mercapto- 1 H-benz imidazole with 2-chloro- 
methyl-3 f 4-dimethoxypyridinium chloride. 



p 



11 . 2-J^4^5-D^mgthox^ 

tr i f iH2£2ffi££h22ZziBzfe£S-£iffild.£-12i£ 

1.40 g (70% of theory) of the title compound are 
15 obtained by the procedure described in Example 1 by 

reaction of 1.15 g of 2-mer c apto- 5- t r i f luor ome t hoxy£/ 
IH-benzimidazole with 1.20 g of 2-chloromethyl-4 , 5^ 
dimethoxy-3-methylpyr idinium chloride in 20 ml of 
isopropanol, with the addition of 20.5 ml of 0 . 5N sodium 
20 hydroxide solution. Rec r y s t al 1 i za t i on from diisopropyl 

ether /petroleum ether gives a product of m.p. 94^97°C. 
P %f) 2-[ ( 4 , 5-Dimethoxy-3-methyl-2-pyr idyl) me thy 1 1 h i o 

5 - ( 2 , 2 , 2 - trifluoro ethoxy ) -IH-benzimidazole , 
t *5-chlorodifluoromethoxy-2- [ (4,5-dimethoxy£? 
25 Cjf 3-me thy 1-2-pyr idyl )methylthio] - IH-benzimidazole , 

$ 5,6-bis (dif luoromethoxy) -2- [ (4 , 5-dimethoxy-3© 
methyl - 2 - pyr idyl) methylthio] - IH-benzimidazole , 
$ 5-dif luor ome thoxy- 6 -me thoxy- 2- [ (4 , 5-d ime t ho xy- 3 -methyl<S? 
a p 2-py r idy 1 ) me thy 1 t h io ] -IH-benzimidazole and 
30 £ 5-dif luoromethoxy-6- fluoro-2-[ (4 , 5-dimethoxy-3-me thyl-25=3 

£f pyridyl)methylthio]- IH-benzimidazole are obtained 
analogously by reacting 2-mercapto-5-(2,2,2|g) 
tr if luoroethoxy) -1H- benzimidazole, 5-chlorodifluoro- 
me thoxy- 2 -me reap to- IH-benzimidazole, 5 , 6-bi s (d if luor o- 
3 5 me thoxy ) -2-mercapto-lH-ben z imidazole , 5-dif luoromethoxy- 2rp 

mercapto- 6-methoxy - IH-benzimidazole and 
5-dif luoromethoxy-6- f luoro-2-merc ap to- 1H - benzimidazole, 
respectively, with 2-chloromethyl-4 , 5- dimethoxy-3-methyl- 
| pyridinium chloride. . Q 

■ So % 
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itf 12. Z-^^S-D^ethox^rS-me^h^l-^ 

0.19 g (76% of theory) of the title compound is 



P 



obtained as a colorless powder (158-159°C decomp.) by the 
5 procedure described in Example 2 by oxidation of 0.24 g of 

2-[ (4,5-dimethoxy-3-methyl-2-pyridyl)methylthio] - 5e? 
tr if luorome thoxy- lH-benzimidazole with 3.3 ml of a 0.2 M 
solution of m-ch lor operoxy benzoic acid in methylene 
3 /, \4 chloride at -50°C and r epr ec i p i t at ion from methylene 
10 chlor ide/di isopropyl ether. 

#// 2-[ (4 , 5-Dimethoxy-3-methyl-2-pyridyl)methylsulf inyl]<S^ 

5 - (2,2, 2-trif luoroethoxy) -lH-benzimidazole , 5 0 
chlor odifluoromethoxy-2-[ (4 , 5-dimethoxy-3-methyl-2^ 
^ pyridyl)methylsulfinyl]-lH-benzimidazole r 
15 5-d if luorome thoxy- 2- [(4, 5-dimethoxy-3-me thy 1-2 -pyr idyl )- 

% methylsulf inyl] - 1 H - be n z i m i d a z o 1 e [m.p. 133-135°C 
€j (decomp.)], 5 f 6 - b i s ( d i f 1 uor ome t hoxy ) - 2^ 

& ff [ (4 , 5-d i met ho xy- 3 -me thy 1-2- pyr idyl) methylsulf inyl] -1H£^ 
benzimidazole , 5-difluoromethoxy-6-methoxy - 2^ 
20 6 [ 4 , 5-dime thoxy-3-me thy 1-2- pyridyl) methylsulf inyl] 

3 lH-benzimidazole, 5-d i f luorome thoxy-6-f luor o-2- [ ( 4 , 5^J 
' dime thoxy-3-methyl-2-pyr idyl) methylsulf inyl ] -1HH 
6 benzimidazole and 2-[(3,4- dimethoxy-2(^ 
^ pyridyl)methylsulf inyl]- 5-(l,l,2,2- tetraf luoroethoxy ) -1H^ 
25 ^ 2 ^9 b e n z 1 m i d a 2 ° 1 e [m.p. 11 7^,1 19°C (decomp.)] and 
£ 5-difluoromethoxy-2- [(3,4-dimethoxy-2<^ 

9# pyr idyl) methylsulf inyl] - lH-benzimidazole [m.p. 136°C 

*J (decomp.)] are obtained analogously by oxidation of the 
sulfides of Examples 9 to 11 with m-ch loroper oxybenzoic 
30 acid. 
P*h> % 13 . luoro-6-^ 

f , E££feXi£hiol_- Sg-^l^ 

JO 0.96 g of 2 -c h 1 o r ome t h y 1 - 4 f 5 -d i me thoxy- 3(55 

methylpyr idinium chloride are added to a solution of 0.92 g 
of 2,2-difluoro-5H-[l,3]- d ioxolo [ 4 , 5-f ] benzimid - 
azole-6-thiol in 10 ml of ethanol and 10 ml of IN sodium ^ 

5/ j*~ 
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hydroxide solution. The yellow reaction mixture is stirred 
^ at 20°C for 1 hour, a further 10 ml of water are added, 
whereupon a colorless solid precipitates out, the mixture 
is stirred for a further 5 hours and filtered and the 
residue is rinsed with IN sodium hydroxide solution and 
water and dried to constant weight. The amorphous powder 
is recr ystalli zed from methylene chlor ide/diisopropyl 
ether. 1.5 g (93% of theory) of the title compound are 
obtained in the form of colorless crystals of m.p. 
160 / -161°C. 

6, 6, 7-Trif luoro-6 ,7-dihydro-2-[ (4, 5-dimethoxy& 
3-methyl-2-pyr idyl) methyl thio] -1H - [1,4] - 
dioxino[2,3-f] benzimidazole, 6-chloro-6,7,7 
trifluoro-6,7-dihydro-2- [ (4,5-dimethoxy-3e? 
me thy 1-2 -pyr idyl) me thy 1 1 h io ] -1H- [1,4 ] -dioxino [2 , 3-f ] - 
benzimidazole and 6,7-dihydro-2-[(4,5-d imethoxy-3^ 
methyl-2-pyridyl) methylthio] -1H- [1,4] -dioxino- 
[ 2 , 3-f ] -benzimidazole are obtained analogously by reacting 
6,6,7- tr if luoro-6 ,7-dihydro- lH-[l,4]-dioxino[2,3-f]- 
benzimidazole-2-thiol, 6-chlor o-6 r 7 , 7-tr if luor o£> 
6,7-dihydro-lH-[l,4] - d iox ino [ 2 , 3-f ] benz imidazole - 2-th iol 
or 6,7-dihydro-lH-[l,4]- dioxino[2,3-f]- 
benzimidazole-2-thiol , respectively, with 2-chloromethyiy 
4 , 5-dimethoxy-3- me thylpyr idinium chlor ide . 
2p ~* ^ 14 . 2^2-Dif ^oro-e-I^^S-d 

ffi£th^lsulf in^ 

ft 21 ml of a 0.1N solution of m-chloroperoxybenzoic acid 

in methylene chloride are added dropwise to a suspension, 
3> f /X& cooled to -40°C, of 0.80 g of 2,2-difluoro- 
30 % fj 6[(4,5-dimethoxy- 3-methyl-2-pyr idyl) methylthio]^ 
(J$P 5H-[l,3]-dioxolo[4,5-f] -benzimidazole in 10 ml of methylene 
chloride in the course of 10 minutes. The mixture is 
stirred for a further 20 minutes, during which the 
b/ 4 %0 temperature is allowed to rise to -20°C, and 0.5 ml of 
35 tr ie thy lamine are added and the reaction mixture is poured 

into 40 ml of 5% strength sodium thiosulfate solution and 
5% strength sodium carbonate solution. After phase 





separation, the aqueous phase is extracted twice more with 
20 ml of methylene chloride each time; the combined organic 
phases are washed with a mixture of 5 ml of sodium 
thiosulfate solution and 5 ml of sodium carbonate solution, 
5 dried and concentrated. The residue is recrystall i zed from 

methylene c h lo r i d e/d i i sopr opy 1 ether. 0.62 g (75% of 
theory) of the title compound is obtained; decomp. 
0^ 18^-190°C. 

% 6,6,7-Trif luor o-6 , 7-d i hyd r o- 2 - [ (4 , 5-dimethoxy-3& 

10 ^i^jj) methyl-2-pyr idyl) me thy lsulf inyl] -1H- [ 1 , 4] -dioxino [2 , 3-f ] - 
ben z imidazole , 6-ch loro-6 , 7 , 7-trif luoro-6 , 7-d i hyd r o - 2<^ 
[(4,5-dimethoxy-3-methyl-2-pyridyl) me t h y 1 s u 1 f i ny 1 \C-*> 

1H-[1,4] -dioxino! 2 f 3-f] benzimidazole and 
6,7-dihydro-2-[ (4,5-dimethoxy-3-methyl- 2-pyridyl)- 
methylsulfinyl]- 1H- [ 1 , 4 ] -d iox ino [ 2 , 3- f ] ben z imida zole are 
obtained analogously by oxidation of the other sulfides 
mentioned under Example 13 with m-chloroperoxybenzoic acid. 

% i -i2li2i2iix5z£lfe£n z.i gi. d a zole 
20 P A brownish solid is obtained by the procedure 

described in Example 13 by reaction of 0.85 g of 
(Jjp 5H- [1# 3] -dioxolo[4 , 5-f ] -benzimidazole-6-thiol with 0.98 g 
of 2-chloromethyl-4 , 5-dimethoxypyr idinium chloride in 10 ml 
of ethanol and 10 ml of water, with the addition of 8.5 ml 
25 of IN sodium hydroxide solution, after a reaction time of 

20 hours and after concentration, by removing the solvent 
in vacuo, to a volume of 10 ml. The crude product is 
dissolved in 30 ml of methylene chloride, the solution is 
-3 clarified with fuller's earth (for ex ample , Tonsil®) , an d 
30 concentrated. The residue is crystallized by addition of 

diisopropyl ether and the now pale yellow solid is boiled 
up in 5 ml of methanol. 0.90 g (60% of theory) of the 
title compound is obtained as a colorless solid of m.p. 
2^ 198-200°C. 
' -^35 tfi ^ 16. £zl!4i.5-Dimethoxy = -2^ 

Iii^IzSi952i2lAx5zfIzfeg£.zimidazo.le 
P 0.27 g of the title compound in the form of colorless 

33 ¥ 
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%0 crystals of m . p . 199°C (decomp.) is obtained by the 
procedure described in Example 14 by oxidation of 0.7 g of 
6 - [ (4,5-dimethoxy-2-pyridyl) methylthio]<S> 
5H-[l,3]-dioxolo[4,5-f ] -benzimidazole with 23 ml of a 0.1 M 
solution of m - c h 1 o r o p e r o x y b e n z o i c acid, after 
recrystallization from diethyl ether. 
f ^ ^-J- 7 * ^-2i£AH2£2z£--li3i4-dim^ 

~ &*~11±£Lz*L2£QI°1&l£zI Ifeenzimidazole 

v 1.05 g (92% of theory) of the title compound are 

obtained as a finely crystalline, colorless powder of m.p. 
^ 185 / -187°C by the procedure described in Example 13 by 
f,f reaction of 0.69 g (3 ramol) of 2 , 2-d i f 1 u or o - 5 H - [ 1 , 3 ] - 
C'L dioxolo[4,5-f ] benzimidazole-6-thiol with 0.67 g (3 mmol) of 
2-chloromethyl-3,4-dimethoxypyridinium chloride in a 
15 mixture of 10 ml of ethanol and 10 ml of water, with the 

addition of 3.3 ml of 2N sodium hydroxide solution, after a 
reaction time of 10 hours. 
P 6- [ (3 , 4-Dimethoxy-2-pyr idyl) methylthio] -5H- [ 1 , 3 ] - 

S/5,2^dioxolo[4,5-f ] benzimidazole (m.p. 155-157°C) is obtained 
20 analogously by reacting 5H - [ 1 , 3 I - d ioxolo* 

L<~ [ 4 , 5-f ] benz imidazole-6-thiol with 2-chloromethyl-3 , 4O 
dimethoxypyr idinium chloride. 
P*? iS. SzIXii5z2iE££ilPxy.-3 z methy i l-2 z g 

QCS* JLi^i.zSiPSSiP-Iii^-flbenzimida 
25 P (&£) 0.78 g (4 mmol) of 5 H - [ 1 , 3 ] - d i o x o 1 o [ 4 , 5 - f ] - 

benzimidazole-6-thiol is heated at the boiling point under 
reflux with 0.95 g (4 mmol) of 2 -c h lor ome t h y 1 - 4 , 5e> 
dimethoxy-3-methylpyr idinium chloride in 30 ml of 
isopropanol for 15 hours. The solid which has precipitated 
30 out is filtered off and extracted by stirring with 

isopropanol, the mixture is filtered again and the residue 
is dried to constant weight. 1.0 g (59% of theory) of the 
dihydrochlor ide of the title compound is obtained as a 
colorless solid of m.p. 206°C (decomp.). 

35/^ A'^-i 9 ' ^*2=Bi£iH2£2= £ zli A x 5 -d i ES t h 2 xx-g-EX£ igxilias^it h i o J^5> 
CUP SSdiA^lzSAaxs i2-U ' 5 - f Ibe n zimidazole 

6.3 .1 Of IN sodium hydroxide solution are added 



5V 
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1& dropwise to a solution, warmed to 50°C, of 0.69 g of 

f' r O 2,2-difluoro-5H-[l,3]-dioxolo[4,5-f]benzimidazole-6-thiol 
and 0.67 g of 2-ch lor ome t h y 1 - 4 , 5 -d i me t h o xy py r i d i n i urn 
chloride in 9 ml of ethanol and 4 ml of water in the course 
of one minute. On cooling the clear reaction mixture to 
20°C, a colorless precipitate separates out after a short 
time. The mixture is stirred at 20°C for a further 5 hours 
and the precipitate is filtered off with suction over a 
suction filter, rinsed with IN sodium hydroxide solution 
and water and dried to constant weight. The beige solid is 
dissolved in 10 ml of methylene chloride, insoluble 
constituents are filtered off, the filtrate is concentrated 
and the residue is made to crystallize by addition of 
diisopropyl ether after cooling. 1.02 g (90% of theory) of 
15 2^ the title compound of jn.p. 18^-191-c are obtained. 

J . 6 ' 6 '7-Trifluoro-6,7-dihydro-2-[ <4,5-dimethoxy-2£> 

^ / (£^pyridyl)methylthio]-lH-[l,4]-dioxino[2,3-f]ben 2 imida Z ole, 
% 6 - ch l°ro-6,7,7-trifluoro-6,7-dihydro-2-[(4,5-dimethoxy-2<^ 
f.^jj Py ri dyl)methylthio]-lHMl,4]-dioxino[2,3-f]benzimidazole 

' ' and 6,7-dihydro-2-[(4,5-dimethoxy-2-pyridyl)methylthio]0 
lH-[l,4]-dioxino[2,3- f ] be n z i m i d a zo 1 e are obtained 
analogously by reacting 6 , 6 , 7 - 1 r i f luor o- 6 , 7-d i hydr o<£> 
lH-[l / 4]dioxino[2,3-f]- benzimidazole-2-thiol, 
6-chloro-6,7,7- t r i f 1 u o r o - 6 , 7 - d i h y d r o<^ 
lH-n,4] -dioxino[2,3-f ] be n z i m i d a z o 1 e - 2-thiol or 
6,7-dihydro-lH-[l,4]- d ioxino [ 2 , 3-f ] benzimidazole-2-thiol 
(respectively) with 2 -c h lo r ome t h y 1 - 4 , 5 -d i m e t h o x y - 
pyridinium chloride. 
20 . a i 2-gi.fiuoro c 6 z X I 4 i 5-dime 
TfyP S^iQ^il-SH-il^I-dioxglo 

0.76 g of 2 , 2-dif luoro-6- [ (4 , 5-dimethoxy-2<£) 
pyridyl)methylthio]- 5H- [ 1 , 3 ] -d ioxolo [ 4 , 5- f ] ben z im id a zole 
are dissolved in 10 ml of dioxane and 2 ml of IN sodium 
hydroxide solution. An equimolar amount of a titrated 
35 aqueous sodium hypochlorite solution, to which 1 mole per 

liter of sodium hydroxide solution has been added, is first 
added dropwise, while cooling with ice, and after one hour 

5<r 
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a further equivalent and after 3 hours half the equimolar 
amount of sodium hypochlorite are added, to achieve 
complete reaction. After a reaction time of 4 hours, 5 ml 
of 5% strength sodium thiosulfate solution and another 25 
5 ml of dioxane are added and the upper dioxane phase is 

separated off, washed once with 5 ml of sodium thiosulfate 
solution and concentrated on a rotary evaporator. The oily 
residue is dissolved in 20 ml of water and 10 ml of ethyl 
acetate and the solution is brought to pH 7 with about 100 
10 ml of a buffer solution of P H 6.8. The solid which has 

precipitated out is filtered off with suction over a 
suction filter, washed with water, extracted by stirring at 
0°C with acetone and dried. 0.7 g (87% of theory) of the 
title compound is obtained in the form of colorless 
15 crystals; decomp. at 211-^213°C. 

/ ~ 2,2-Difluoro-6-[ ( 3 , 4 -d ime thoxy-2-pyr idy 1) me thyl- 

sulfinyl]-5H-[l, 3] -dioxolof 4, 5-f]benz imidazole [m.p. 
r,X> t f 17 7 / -178 "C (decomp.)],. 6 - I ( 4 , 5 -d i me t ho xy - 3 -me t h y 13 
9, <*,? 2-pyridyl) methylsulf inyl] - 5 H - [ 1 , 3 ] - d i o x o 1 o 
20^,? , % [4, 5-f]benz imidazole, 6 , 6 , 7-tr if luoro-6 , 7-dihydro-2- [ 4 , 5£> 

9 A^'^' % dimethoxy - 2 -Py ridvl > methylsulf inyl]- 1H- [1, 4] -dioxino [2 36; 
9,$ f ] benz i mi dazole , 6 - [ ( 3 , 4 - d i m e t h o x y - 2 -py r i d y 1 ) - 
7(£J) «ethyl8ulfinyl3-5H-[l f 3]- d ioxolol [ 4 , 5- f ] ben z imid a z o 1 e 
[m * P * 17 0-171°C (decomp.)], 6-chloro-6,7,7- tr if luoro-6 , 7<£? 
25 Stf c3ihydro-2-[(4,5-dimethoxy-2-pyridyl) methylsulf inyl ] -11^ 
(Jj$> ^ [1 ' 4 ^- dio ^ino-[2,3-f]benzimidazole and 
« 6 ' 7 - dih y dr °- 2 -I (4,5-dimethoxy-2- py r idy 1 ) rae thyl- 

^^sulfinyl]-lH-[l,4]-dioxino[2 / 3-f]- ben z imid azole are 
obtained analogously by oxidation of the other sulfides 
30 mentioned in Examples 17 to 19 with sodium hypochlorite 

solution . 

/ ^ 21 • ^£££SEto-5-11^2^2-^^ 

imidazole 

P 60 55 g of l-nitro-4-(l,l,2,2-tetrafluoroethoxy)- benzene 
35 are hydrogenated in 300 ml of ethanol over 0.5 g of 10% 

strength p a 1 1 a d i u m - o n - c h a r c o a 1 in a circulatory 
hydrogenation apparatus under atmospheric pressure at 20 - 
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0^0 45°C for 1 hour, the catalyst is filtered off and the 
L solution is concentrated in vacuo at 40°C. The 
4-(l,l,2,2-tetrafluoroethoxy)aniline is diluted with 100 ml 
of glacial acetic acid, 23 ml of acetic anhydride are added 
5 dropwise at room temperature, 2 ml of water are added after 

lO 30 minutes, the solution is concentrated at 50°C in vacuo 
after a short time and 500 ml of icewater are added. 56 g 
(97% of theoretical) of N- [ 4- (1 , 1 , 2 f 2-tetr a- 
7^ f luoroethoxy) phenyl] - acetamide of m.p. 12L-122°C are 
10 obtained. ^ 

P & 55 g of the above compound are dissolved in 380 ml of 
dichloromethane, 55 ml of 100% strength nitric acid are 
added dropwise at room temperature in the course of. 10 
minutes and the mixture is stirred for a further 6 hours. 
15 The organic solution is then washed with aqueous sodium 

carbonate solution and water, dried with magnesium sulfate 
and concentrated. 65 g (100% of theoretical) of 
ff.f N-[2-nitro-4- ( 1 , 1 , 2 , 2-tetr af luoroethoxy ) phenyl] - acetamide 
">0 of m.p. 80^8100 (from cyclohexane) are obtained. 
20 (* & 63 g of the above compound are dissolved in 450 ml 

of methanol, 106 ml of 6 M sodium hydroxide solution are 
added dropwise at room temperature, the mixture is cooled 
in an ice-bath and 53 g (98% of theoretical) of 
2-nitro-4-(l,l,2,2- tetraf luoroethoxy) -aniline (m.p. 
85 /7/ 86 ° C) are Precipitated by dropwise addition of 900 ml of 
water. 

P (d) 33 g of the above compound are hydrogenated in about 

600 ml of isopropanol over 1 g of 10% strength 
palladium-on-charcoal in a circulatory hy d r og e na t i on 
apparatus under normal pressure at room temperature. The 
catalyst is filtered off with suction and 34 g (89%) of 
4-(l,l,2,2-tetrafluoroethoxy) - 1 , 2 -ph e n y 1 e n e d i am i n e 
to dihydrochloride of m.p. 275-276°C (decomposition) are 
precipitated with 4 M hydrogen chloride in ether. 
35 P (e) 330 ml of ethanol, 60 ml of water, 8.9 g of sodium 

hydroxide and 23 g of potassium o-e t hy Id i t h i ocar bona t e 
(recrystallized from isopropanol) are added to 33 g of the. 
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above compound and the mixture is heated at the boiling 
point under reflux for 15 hours. 1.2 1 of ice-water are 
added, the pH is brought to 13-14 with sodium hydroxide 
solution and the mixture is clarified with active charcoal 
and precipitated with dilute hydrochloric acid to pH 3.5, 
27 g (91%) of the title compound of m.p. 316-319°C (from 
isopropanol) are obtained. ^ 
2 2 . 2-Mercagto~5-tr^f luoromet 

%q The title compound of m.p. 305-307°C (decomposition, 
from toluene) is obtained in 75% yield analogously to 
Example 21(e) by reaction of 4-tr i f luoromethoxy^ 
1 , 2-phenylened i amine d i hydr och lor i de (compare C.A. 55, 
23408d, 1961) with potassium 0 -e t hy Id i t h i oc ar bonate and 
sodium hydroxide solution in ethanol. 
2 3 • i-^£££SE£2«5rI 2^ 2.^ 2 - 1 r i f 1 uo r ^ 

C a > 50 9 of 1- (2 , 2 , 2-tr if luoroethoxy) -4-ni trobenzene 

(^vnthesis 1980, page 727) are hydrogenated and acetylated 
analogously to Example 21(a). 50 g (95%) of 

N-[4 - (2 f 2,2-trif luoroethoxyjphenyl] acetamide (m.p. 
140-141°C) are obtained. 

42 g of the above compound are stirred with 9.7 ml 
of 100% strength nitric acid in 290 ml of glacial acetic 
acid at room temperature for 18 hours and the mixture is 
precipiated with water. 47 g (94%) of 
N- [ 2-nitro-4- (2,2, 2-tr i f luoroethoxy ) phenyl] -acetamide (m.p . 

117-118°C) are obtained. 

/ 7 

L c ) 47gof the above compound are hydrolyzed 

analogously to Example 21(c) to give 38.7 g (97%) of 
2-nitro-4- (2 , 2 , 2-tr if luoroethoxy) -aniline (m.p. 84-85°C) . 

37 g of the above compound are hydrogenated 
analogously to Example 21(d) to give 41 g (94%) of 
4 - ( 2 , 2 , 2-tr ifluoroethoxy) -1,2-phenylenediamine 
dihydrochloride of m.p. 23(^233°C (decomposition) . 

(p) 30 g (94%) of the title compound (m.p. 288-290°C) 

are obtained analogously to Example 21(e) from 36 g^of ^te 
above compound. 
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P Ca) 10.0 g of N-|4- (ch lor od i f luor ome t hoxy ) phenyl] - 

U> acetamide (m.p. 101-103°C, from 4-chlorl- 
dif luoromethoxyaniline and acetic anhydride) and 12.3 ml of 
5 100% strength nitric acid are stirred in 80 ml of 

^0 dichloromethane at 20°C for 4 hours. The mixture is 
neutralized with aqueous potassium bicarbonate solution and 
the organic layer is concentrated to give 11.4 g (96%) of 
N- (4-chlorodif luor ome thoxy-2-ni t rophenyl) - acetamide (m . p . 
10 ^° 89 > -91°C) . 

p ' H 



to 



4)' 8.6 ml of a 30% strength solution of sodium 

methylate in methanol are added dropwise to 10.5 g of the 
above compound in 200 ml of methanol at 5°C, the mixture is 
stirred for 2 hours, without cooling, ice-water is added 
15 and the pH is brought to 8 to give 8.7 g (97%) of 

4-chlorodif luorome thoxy-2- nitroaniline (m.p. 40-42°C) . 
(?) 8.5 g of the above compound are hydrogenated over 

0.8 g of 10% strength pallad i um-on-charcoal under normal 
pressure in 200 ml of methanol, concentrated hydrochloric 
20 acid is added, the mixture is filtered, the filtrate is 

concentrated and the residue is stirred with diisopropyl 
ether. 8.5 g (97%) of 4-chlorodif luoromethoxy-l,2£? 
phenylenediamine dihydrochlor ide are obtained. 
PO^O (A) 6.3 g (72%) of the title compound of m.p. 268-270°C 

25 (decomposition) are obtained from 8.5 g of the 'above 

compound analogously to Example 21(e). 
2 5 * 5zEi£ AH2£2ffi££hox^- 2 -me r Egg t o- 1 H-fee n z i m i d a zo le 
(a) 11.8 g of N- ( 4-di fluoromethoxyphenyl) -acetamide [L.M. 
Jagupoyskii et al., J /t General Chemistry (USSR) 39,^190 
30 ? ^(1969)] are stirred in 200 ml of dichloromethane with 12.1 
ml of 100% strength h ydrochl oric acid at room temperature 
for 1.5 hours. 1 3 55^'g ( 92% ) of N- [ ( 4-dif luor ome thoxy-2^ 
J , %Q nitro) phenyl] -acetamide (m.p. 71-73°C) are obtained 

analogously to Example 21(b). 
35/^ ( b ) 4-Dif luoromethoxy-2-nitroaniline (m.p. 68-70°C) is 

obtained therefrom in 96% yield analogously to Example 

ft. 
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p (c) 4-Difluor omethoxy-1 , 2-phenylened i amine 

d i h y d r och lor i de is obtained therefrom in 94% yield 
analogously to Example 24(c). 

The title compound of m.p. 2 50,-252°C (from 
isopropanolj is obtained in 78% yield analogously to 
Exa^le ^MjJ . 

\ J 26. 5 ,i£z§iligi£^H2£PM^2£Y s lz2z m £^^ 

^a) 275 g of c h lo rod i f luorome thane are passed into a 
solution of 100 g , of pyrocatechol, 220 g of sodium 
hydroxide and 60 g of sodium dithionite in 500 ml of water 
and 400 ml of dioxane at 50 / -55°c analogously to L.N. Sedova 
et al., Zh. Org. Khim. 6, 568 (1970). After distillation 
at 6 1-62"C/1.0-1.1 kPa, a mixture of 1,2-bis- 
(dif luoromethoxy) benzene and 2-di f luorome thoxyphenol is 
15 obtained, the products being separated by chromatography on 

silica gel by means of cyclohexane/ethyl acetate (4:1). 

A solution of 15 g of 1 , 2-bis (dif luoromethoxy) -benzene 
and 15 ml of 100% strength nitric acid in 150 ml 0 f 
dichloromethane is stirred at room temperature for 7 hours. 
20 The mixture is neutralized with potassium bicarbonate 

solution and the organic layer is separated off and 
chromatographed on silica gel by means of cyclohexane/ethyl 
acetate (4:1). 1,2-Bis- (Dif luoromethoxy) -4-nitro- benzene 
is obtained. This is hydrogenated and acetylated 
25 f analogously to Example 21a to give N-[3,4-bis- 
J t (dif luoromethoxy ) - phenyl] acetamide (m.p. 81-83°c). 
Analogously to Example 21, furthermore, 
#,1 N-[4, 5-bis (dif luoromethoxy) -2- nitrophenyl] acetamide (m.p. 



70 65 / -67°C) , N- [4, 5-bis (dif luoromethoxy) -2-nitro] aniline (m.p. 
107-109°C) , 4,5-bis (d i f luoromethoxy ) -1 , 2-phenylened iamine 



%0 dihydrochlor ide and the title compound of m.p. 285-287°C 
(decomposition; from isopropanol) are obtained. ^ 
P 27 • 5-D.if luoromethoxy- 2.-m^ 

35 About 58 g of chlorodif luoromethane are passed into a 

solution of 55.5 gof guaiacol and 13 0 g of sodium 
Q~Q hydroxide in 300 ml of water and 300 ml of dioxane at 60°C 
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The mixture is filtered at 10°C and the organic layer is 
separated off, dried with anhydrous potassium carbonate and 
distilled. 56 g (73%) of 1-dif luororaethoxy-2^ 
methoxybenzene of boiling point 7 5/j 7 6 ° C / 0 . 9 kPa are 
obtained. ' 

A solution of 33.8 ml of 100% strength nitric acid in 
90 ml of dichloromethane is added dropwise to a solution of 
47 g of the above compound in 230 ml of dichloromethane at 
0 / -5°C, 250 ml of ice-water are added after 30 minutes and 
the mixture is neutralized with potassium bicarbonate. The 
dried organic phase is concentrated in vacuo and the 
residue is recrystalli zed from cyclohexane. 53 g (90%) of 
1-dif luoromethoxy-2-methoxy-5-ni tr oben zene (m.p. 45-49°C) 
are obtained. This is hydrogenated and acetylated 
15 analogously to Example 21(a). N- (3-Difluoromethox yi£) 



P 



4-methoxyphenyl) acetamide (m.p. 129-130°C) is obtained in 
90% yieldi ' 



(c) 46 g of the above compound are nitrated with 33 ml of 
100% strength nitric acid in dichloromethane analogously to 
20 the above instructions. N- ( 5-Dif luor omethoxy-4-me thoxy-2^ 

$0 nitrophenyl) acetamide (m.p. 116-117°C) is obtained in 99% 
yield. fi 

P <fd) 54 g of the above compound are stirred in 810 ml of 
methanol with 44.8 ml of 30% strength methanolic sodium 
methylate solution at room temperature for 1 hour. The 
mixture is concentrated in vacuo and ice-water and glacial 
acetic acid are added to pH 8 to give 5-dif luoromethoxy-4£3 
methoxy-2-nitroaniline (m.p. 144 / pl45°C) in 99% yield. 
f C e ) 25 g of the above compound are hydrogenated in 30 0 ml 
30 of methanol over 1.25 g of 10% strength 

palladium-on-charcoal in accordance with Example 21(d). 26 
g (88%) of 3-difluoromethoxy-4-methoxy£> 
1 , 2-phenylenediamine dihydr ochlor ide of m.p. 218-220°C 
(decomposition) are obtained. 
35 & (f) 25 g of the above compound are reacted with 19 g of 
potassium 0-ethyldithiocarbonate in accordance with Example 
21(e). 20 g (89%) of the title compound of m.p. 280-282°C 
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(decomposition; from isopropanol) are obtained. 
2 8 • £~2iiiH2£2E£thox^ z 6-f luoro z ^^ 
P (a) 1-Dif luoromethoxy-2-f luorobenzene (b.p. 7 / 6°C/10kPa 
"3X n20/ D = 1.4340) is obtained analogously to Example *27a from 
2-f luorophenol and chlorodif luoromethane . 

P (b) 

38.4 ml of 100% strength nitric acid are added 
dropwise to 30 g of the above compound in 300 ml of 
dichloromethane at -10°C and the mixture is stirred at 
g£) -10°C for 1 hour and 'at 0°C for 2.5 hours. Ice-water is 
10 added and the mixture is rendered neutral and 

c h r o m a t o g r a p h e d over silica gel with ethyl 
acetate/cyclohexane (4:1). 34 g of an oil are obtained, 
which contains about 90% of 1-di f luoromethoxy-2-f luoro-4^ 
nitrobenzene and 10% of 1-di f luor ome t hoxy - 2 - f luor o- 5<£> 
15 nitrobenzene (NMR spectrum) . 

P (O 30 g of the above mixture are hydrogenated and 
acetylated analogously to Example 21a. Recrystallizat ion 
from toluene gives 21 g (65%) of N- (4-dif luoromethoxy^ 
%0 3-f luorophenyl) acetamide of m.p. 11^-113°C. 
20 f (d) 22.5 ml of 100% strength nitric acid are added 
dropwise to 20 g of the above compound in 200 ml of 
1M dichloromethane at 20°C in the course of 30 minutes and the 
mixture is subsequently stirred at room temperature for 15 
hours. N- (4-difluoromethoxy-5-fluoro-2-nitro- 
25 TO phenyl) acetamide of m.p. 72^74°C (from cyclohexane) is 
obtained' in 89% yield analogously to Example 27c. Stirring 
XO with 1 M hydrochloric acid in methanol at 60°C for several 
hours gives 4-dif luor omethoxy-5-f luoro-2-ni troaniline of 
2& m.p. 95,-97. 5°C in 95% yield and, analogously to Example 
30 27(e), 4-dif luoromethoxy-5-f luoro-1, 2- phenylene-d iamine 

'J-O dihydrochlor ide in 85% yield. Decomposition from 210°C. 
P (?) 15 9 of the above compound are reacted with 11.8 g of 
potassium 0-ethyldithiocarbonate in accordance with Example 
Xo 21e. 11.1 g (84%) of the title compound of m.p. 275-276°C 
35 (decomposition, from isopropanol) are obtained. 

Uo n 
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/6 Zfl 29. 2^2-Difluoro-5^^ 
Szthiol 

fa) 30 g of 4-amino-2 , 2-dif luoro-5-ni tro- 1 , 3-benzodioxole 
in 300 ml of methanol are hydrogenated over 0.5 g of 10% 
5 strength p a 1 1 a d i u m - o n - c h a r c o a 1 in a circulatory 

hydrogenation apparatus under atmospheric pressure at room 
temperature, 2.5 equivalents of methanolic hydrogen 
chloride solution are added,, the mixture is filtered, the 
solution is concentrated in vacuo and isopropanol and ether 
10 are added to the residue to give 35 g. (97%) of 

2 , 2-dif luoro-1, 3-benzodioxole- 4,5-diamine dihydrochlor ide 
of m.p. 232^233°C (decomposition) . 

24 g of potassium 0-ethyldithiocarbonate 
(recrystallized from isopropanol) and 9.2 of sodium 
!5 hydroxide in 55 ml of water are added to 30 g of the above 

compound in 300 ml of ethanol and the mixture is heated to 
the boiling point under reflux for 15 hours. The mixture 
is poured onto 1.5 1 of water, brought to pH 14 with sodium 
hydroxide solution, clarified with active charcoal and 
20 precipitated with concentrated hydrochloric acid under the 

influence of heat. The precipitate is filtered off with 
suction in the cold. 24 g (91%) of the title compound of 
m.p. 365 / -370°C (decomposition) are obtained. 

25 fesa-5i2-iSl-5gitziw£lli2i % f . & = 9 *~ 

P <a) A mixture of 39.5 ml of 69% strength nitric acid and 
46 ml of 97% strength sulfuric acid is added dropwise to 50 
g of 2,2,3-trifluoro-2,3-dihydro-l,4-benzodioxine at 5°C in 
the course of 1 hour. The mixture is stirred at 10°C for 1 
our, at 20 °C for 1 hour and at 40°C for 5 minutes, poured 
onto- 200 g of ice and extracted with dichlorome thane . The 
extract is washed with water, dried with magnesium sulfate 
and distilled in vacuo. 58 g (94%) of a mixture of 
2,2,3-trifluoro-2,3-dihydro-6-nitro- (and 7-nitro)© 
35 * J 1,4-benzodioxine of b.p. 68.5°C (0.15 mbar) and n 20/ D 
1.5080 are obtained. A gas chromatogram with a 10 m fused 
silica column (Chrompack) shows two peaks in the ratio 2:3. 
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35 g of the isomer mixture are hydrogenated in 400 ml 
of ethanol over 3 g of 10% strength palladium-on-charcoal 
under atmospheric pressure at 20-30°C in a circulatory 
hydrogenation apparatus, the mixture is filtered and the 
5 filtrate is concentrated in vacuo. 30.5 g (100%) of a 

liquid mixture of 6-amino- (and 7-amino-) 
2,2,3-trif luoro-2, 3-d ihydro-1 , 4-benzod iox ine are obtained. 
P (c) A mixture of 15.3 g of acetic anhydride and 15 ml of 
glacial acetic acid is added dropwise to 28 g of the above 
10 isomer mixture at 20-30°C, the mixture is stirred at 30°C 

for 30 minutes, 1 ml of water is added, the mixture is 
^0 stirred at 30°C for 30 minutes and the solvent is distilled 
off in vacuo. Recrystalli zat ion from toluene gives 19 g of 
a fraction of a mixture of the isomeric acetamino 
15 derivatives of m.p. 128 / -133°C. 

P (d) 14 ml of 100% strength nitric acid, dissolved in 60 ml 
of dichloromethane , are added dropwise to 17 g of the 
isomer mixture of the acetamino derivatives, suspended in 
<kL2£ 100 ml of dichloromethane, at -6° to -8°C and the mixture 
20 X-O is stirred at 0°C for 2 hours and then at room temperature 
overnight. The mixture is poured onto 110 g of ice and the 
organic phase is separated off, washed with water and 
concentrated in vacuo. The residue (19.8 g) is 
recrystallized from 20 ml of ethanol. 15.5 g of a mixture 
25 of 6-ace t ami n o- 2 , 2 , 3 - t r i f 1 uo r o - 2 , 3 -d i h y d r o- 7 <£> 

nitro-l,4-benzodioxine and 7-ace tamino-2 , 2 , 3-tr if luoro-2 , 3£j 
dihydro-6-nitro-l,4-benzodioxine are obtained. 
P £e) 14.5 g of the above product mixture are suspended in 
80 ml of methanol, and 30 ml of 5M sodium hydroxide 
30 ^0 solution are added dropwise, while warming to 30°C. The 
mixture is stirred at room temperature for a further 0.5 
hour and poured onto 200 g of ice to give 11.7 g of a 
mixture of 6-amino-2, 2, 3-trif luoro-2, 3^? 
dihydro-7-nitro-l,4-benzodioxine and 7-ami no-2 , 2 , 2& 
35 trifluoro- 2 , 3-dihydro-6-ni tro-1 , 4- benzod iox ine . A sample 

is separated on a silica gel column with cyclohexane/ethyl 
acetate (4:1) into two pure isomers of melting points 
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$ 110. 5^111. 5°C and 120-121°C, the NMR spectra of which on a 
60 MHz instrument in deu terochlorof orm are virtually 
identical . 

P (t) 10.9 g of the above isomer mixture are hydrogenated in 
300 ml of methanol at room temperature under atmospheric 
pressure over 1 g of 10% strength palladium-on-charcoal in 
the course of 2.5 hours. 30 ml of 4 M hydrogen chloride in 
methanol are added, the mixture is filtered, the filtrate 
is concentrated in vacuo and the residue is stirred with 
100 ml of ether. 12.6 g (98%) of 2 , 2 , 3-tr i f luor o-2 , 3& 
dihydro-1,4- benzodioxine-6 , 7-diamine dihydrochlor ide (m.p. 

^ 250°C) are obtained. 

P Cg) 20.5 ml of 4 M aqueous potassium hydroxide solution 
are added to 12 g of the above compound and 8.5 g of 
potassium 0-ethy Id i th iocar bonate ( r ec r y s t a 1 1 i z ed from 
isopropanol) in 120 ml of ethanol and the mixture is heated 
to the boiling point under reflux for 17 hours. The 
mixture is poured onto 300 g of ice, brought to pH 12-13 
with potassium hydroxide solution, clarified with actfve 
charcoal and precipitated with concentrated hydrochloric 
acid. Renewed precipitation with acid from alkaline 
aqueous-alcoholic solution gives 10 g (93%) of the title 
compound of m.p. 30^310°C (decomposition) . 
3 1 . I^Slli2£2--^ ; i.2-t2z££i£iM 2EQZ f aZcS ih^d r QzlUzLk^-ilz 

^l2^kB2ii^lzlLk^Q i s,iBi^B.^2l^ziz^hL2l ^ ?~ 

P (a) A mixture of 18.3 ml of 65% strength nitric acid and 
15.4 ml of 97% strength sulfuric acid is added dropwise to 
18 g of 2-chloro-2 , 3 , 3-tr if luoro-2 , 3- dihydro-1,4^ 
benzodioxine at 5°C and the mixture is stirred at 5-10°C 
for 2 hours and poured onto ice. It is extracted^with 
methylene chloride to give 21.3 g of a mixture of 
2-chloro-2 , 3 , 3- t r i f 1 u o r o- 2 , 3 -d i h y d r o - 6 - nitro-(and 
7-nitro)- 1 , 4-benzodiox ine as an oil. 
Cb) An oily mixture of 2-chloro-2 , 3 , 3-tr i f luor o-2 , 3£J 
dihydro-l,4-benzodioxine-6- (and 7-)amine is obtained 
therefrom in 97% yield analogously to Example 30b, and is 
reacted quantitatively to give a mixture of the 

(A 
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corresponding acetamino derivatives in accordance with 
Example 30c. 

) 19 g of the above mixture are stirred in 190 ml of 
dichloromethane with 16 ml of 100% strength nitric acid and 
5 the reaction product is purified by chromatography on 

silica gel by means of cyciohexane/ethyl acetate (4:1). 15 
g of a mixture of 6 - a c e t a m i n o - 2 - c h 1 o r o - 2 , 3 , 3<£> 
trifluoro-6,7-dihydro-7-nitro- 1,4-benzodioxine and 
7-acetamino-2-chloro-2,3,3-trifluoro- 6,7-dihydr o^ 
10 6-ni tro-1 , 4-benzodioxine are obtained as a pale yellow oil. 

f (d) 10.2 ml of a 30% strength solution of sodium methylate 
in methanol are added dropwise to 14.5 g of the above 
^ mixture in 100 ml of methanol at 5°C, the mixture is 
stirred for 1.5 hours without cooling, poured onto ice, 
15 neutralized with dilute hydrochloric acid and extracted 

with dichloromethane and the extract is concentrated in 
vacuo. 12.7 g of a mixture of 6 - a m i n o - 2 -c h 1 o r o £? 
2,3,3-trifluoro-2, 3 -di hydro- 7- ni tro-1 , 4-benzodioxine and 
7-amino-2-chloro-2,3,3-trif luoro-2 , 3-d i hydro- 6-ni tro-1 , 4S> 
20 benzodioxine are obtained as an orange-colored oil. 

) 12.4 g of the above mixture are hydrogenated 
analogously to Example 30f. 12.6 g (99%) of 
2-chloro-2 , 3 , 3-tr if luoro-2 , 3- dihydro-1, 4 -benzodioxine -6 , 7<f> 
diamine d ihydrochlor ide are obtained. 
25 P (f) 12.4 g of the above compound are reacted with 9.1 g of 

potassium 0-e t hy Id i t h i ocar bona te and potassium hydroxide 
solution in ethanol analogously to Example 30g. 9.6 g 
l-O (74%) of the title compound of m.p. 288-290°C 
(decomposition) are obtained. *f 
3 0 32 . 2-Chlorome t^ 

f (a) 2-Chloromethyl-4 , 5-dimethoxy-pyr idinium chloride 
^ 3 ml of thionyl chloride, dissolved in 10 ml of 

methylene chloride, are added dropwise to a solution, 
%q cooled to 0°C, of 5 g of 2-hydr oxymethyl-4 , 5-dimethoxy- 
35 pyridine in 40 ml of methylene chloride in the course of 

2i? one hour, the reaction mixture is then stirred at 20°C for 
4 hours, during which it becomes red-colored, 5 ml of 
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toluene are added and the mixture is concentrated 
y& completely on a rotary evaporator (30°C/5 mbar) . The oily 
residue is dissolved in 50 ml of warm isopropanol and the 
ICQ solution is clarified with a little Tonsil® , filtered and 
c/Dncentrated again. The residue is taken up in 10 ml of 
Aolu^ene and the solution is made to crystallize with 
/ petroleum ether. After cooling in an ice-bath, the 
precipitate is filtered off with suction, washed with 
petroleum ether and dried. 4.6 g (70% of theory) of the 
title compound 2-chlorome thy 1-4 , 5-d ime thoxy- py r idinium 
chloride are obtained as a colorless solid; decomp . at 
^° 160 / -161°C. 



P (b) 2-Hydroxymethyl-4 , 5-dimethoxy-pyr idine 

19 g of 4 , 5-dimethoxy-2-methylpyr idine 1-oxide are 



in 



15 metered into 60 ml of acetic anhydride, warmed to 80 °C, 

the course of 30 minutes in a manner such that the 
temperature does not rise above 100°C. After a further 45 
minutes at 85°C, excess acetic anhydride is distilled off 
in vacuo and the oily dark residue, which essentially 

20 consists of the intermediate 2 - ac e t o x yme t h y 1 - 4 , 5& 

dimethoxypyridine is stirred with 80 ml of 2N sodium 
%Q hydroxide solution at 80°C for 1 hour. After dilution with 
80 ml of water and cooling, the mixture is extracted eight 
times with 100 ml of methylene chloride each time, the 

25 combined organic phases are washed twice with IN sodium 

hydroxide solution, dried and concentrated and the 
crystalline, brownish residue is r ec r y s t a 1 1 i z ed from 
toluene. 14 g (74% of theory) of 2-hydroxyme thyl-4 , 5<£) 
2* dimethoxy-pyridine of m.p. 122^-124°C are obtained. 

30 f (&) 4,5-Dimethoxy-2-methylpyridine 1-oxide 

I — 20 ml of a 30% strength sodium methylate solution are 

added dropwise to a suspension of 16.9 g of 
5-methoxy-2-methyl-4- ni tropyr id ine 1-oxide in 170 ml of 
dry methanol and the mixture is stirred at 20°C for 15 

35 hours and then at 50°C for 4 hours. The pH is brought to 7 

by careful addition of concentrated sulfuric acid, while 
cooling with ice, the mixture is concentrated, the residue 
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25 
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is extracted by stirring with 200 ml of methylene chloride, 
the insoluble constituents are filtered off, 10 ml of 
toluene are added and the mixture is concentrated to 
dryness again. 15.2 g (98% of theory) of 4 , 5-d imethoxy-2^ 
5 methylpyridine -1-oxide are obtained as colorless crystals 

W of m.p. 118 / -121°C. 

5-Methoxy-2-methyl-4-ni t ropy rid ine -1-oxide 
L 21.2 g of 5-methoxy-2-methylpyridine 1-oxide are 

metered into 35 ml of 65% strength nitric acid and warmed 
10 to 60°C in a manner such that the temperature of the 

(_ reaction mixture does not rise above 80°C. The mixture is 
stirred at 80°C for 1 hour, a further 13 ml of 100% 
strength nitric acid are added to bring the reaction to 
2t> completion and the mixture is stirred at 60 / -70°C for a 
15 further 2 hours. For working up, the mixture is poured 

onto 300 g of ice. The yellow precipitate which separates 
out is filtered off over a suction filter, washed with 
water and dried. The dry solid is boiled up with 200 ml of 
methylene chloride, filtered off and dried. Further 
TLC-pure product is isolated by concentration of the 
filtrate. 22.3 g (87% of theory) of^^l 

5-me thoxy-2-methyl-4-ni tropyr idine 1-oxide of m . p . ]/ 

^° 201 / -202°C are obtained as yellow crystals. ' 

P 6 ) 5-Methoxy-2-methylpyr idine-l-oxide 

t— 120 g of 30% strength hydrogen peroxide solution are 

added dropwise to a solution of 60.9 g of 
5-methoxy-2-methylpyridine in 300 ml of glacial acetic acid 
%Q at 60°C in the course of 1 hour and the mixture is 
subsequently stirred for 3 hours. After destruction of 
excess pe r -compounds by addition of active manganese 
dioxide, the mixture is filtered, the filtrate is 
concentrated, the residue is clarified hot in 500 ml of 
ethyl acetate, the mixture is concentrated again and the 
residue is distilled under 0.3 mbar . 54 g (77% of theory) 
35 of 5-methoxy-2-methylpyr idine 1-oxide are obtained as a 

rapidly solidifying oil (b.p. 130°C) ; m.p. 80 / -84°C. 
P Cf) 5-Methoxy-2-methylpyridine ^ , 
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P 150 ml of 3-hydroxy-6-methylpyr idine are metered into 
a solution of 84 g of potassium hydroxide in 400 ml of 
methanol and 500 ml of dimethyl sulfoxide in the course of 
one hour. After removal of the methanol on a rotary 
evaporator, 213 g of methyl iodide, dissolved in 100 ml of 
dimethyl sulfoxide, are added dropwise, while cooling with 
ice, and the reaction mixture is stirred at 20°C for 15 
hours and subjected to steam distillation. The distillate 
is extracted continuously in the extractor with methylene 
10 chloride and the extract is concentrated. 85 g (56% of 

theory) of 5-me thoxy-2-me thy lpyr idine are obtained as a 
colorless oil. 

¥ 3 33 . ^z£llA2E2S§£]2Z 
chloride 

15 P C a ) 2-Chloromethyl-4,5-dimethoxy-3-methylpyridinium 

chloride. 

P 3.45 g (99% of theory) of the title compound are 

obtained as colorless crystals by the procedure described 
in Example 32a by reacting 2.7 g of 2-hydr oxyme t hyK£) 
20 4 , 5-dimethoxy-3-methylpyridine with 4 g of thionyl chloride 

in 25 ml of methylene chloride, after a reaction time of 1 
hour and after a simplified method of working up 
characterized by addition of 10 ml of toluene, removal of 
the methylene chloride and excess thionyl chloride by 
25 distillation, removal of the crystals precipitated by 

^ filtration with suction and drying; decomp. at 125^126°C. 
2 Hydroxyme thy 1-4 , 5-dimethoxy-3-me thy lpyr idine 
4.5 g of 4, 5-dimethoxy-2 , 3-d ime thy lpyr idine 1-oxide 
are warmed to 110°C in 20 ml of acetic anhydride in the 
30 course of 30 mintues and the mixture is then concentrated 

on a rotary evaporator. The oily residue, which consists 
of the intermediate 2-acetoxymethyl-4,5-d imethoxy-30 
methylpyr idine, is stirred in 30 ml of 3N sodium hydroxide 
%a solution at 80°C for 2 hours, the mixture is extracted, 
35 after cooling, five times with 30 ml of methylene chloride 

each time, the combined organic phases are washed twice 
with 2N sodium hydroxide solution, dried and concentrated 

Ha 
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and the residue is stirred with petroleum ether, filtered 
off with suction and dried. 4.0 g (89% of theory) of 
2-hydroxymethyl-4 , 5- dime thoxy-3-me thylpy r id ine of m.p. 
r& 91,-92 0 C are obtained. 

) 4,5-Dimethoxy-2,3-dimethylpyridine 1-oxide 
L 6.3 g of 4 , 5-dimethoxy-2 , 3 -d i me t h y 1 py r id i ne are 

dissolved in 120 ml of methylene chloride, 20 g of 
m-chloroperoxybenzoic acid are added successively and the 
mixture is stirred first at 20°C for 2 hours and then at 
10 U 40°C for 4 hours. After addition of .20 ml of 5N sodium 

hydroxide solution, the mixture is washed three times with 
a mixture of 5% strength sodium thiosulfate solution and 5% 
strength sodium carbonate solution, the aqueous phase is 
back-extracted twice with methylene chloride and the 
15 combined organic phases are dried over magnesium sulfate 

and concentrated. 4.6 g (66% of theory) of 
4,5-dimethoxy-2,3-dimethylpyridine 1-oxide are obtained. 
The Rf value in methylene chlor ide/me thanol 19:1 is 0.25. 
4 , 5-Dimethoxy-2 , 3-dimethylpyridine 
20 L 7.4 g (74% of theory) of 4,5-dimethoxy-2,3^ 

dimethylpyr idine are obtained as a colorless, gradually 
crystallizing oil of m.p. 36-38°C by the procedure 
described in Example 32f by reaction of 9.18 g of 
5-hydroxy-4-methoxy- 2 , 3-d ime thy lpyr id ine in 50 ml of 
25 dimethyl sulfoxide first with 3.6 g of sodium hydroxide and 

then with 8.95 g of methyl iodide. 
P (e) 5-Hydroxy-4-methoxy-2, 3-dimethylpyridine 

P 1,000 g of 4-methoxy-2, 3-dimethylpyridine 1-oxide are 

%0> metered into 3 1 of acetic anhydride at 100°C in the course 
30 of 7 hours while stirring, and the mixture is subsequently 

stirred at 100°C for a further 3 hours. The mixture is 
allowed to cool and is concentrated completely at 70°C/10 
3/ mbar and the residue is then distilled under 10-2 mbar. 
The fraction with a boiling range from 95 to 145°C (mixture 
35 of the intermediate 5 - a c e t o x y - 4 - m e t h o x y - 2 , 3<S> 

dimethylpyr idine. and 2-ace toxymethyl-4- methoxy-3,^ 
methylpyridine) is removed (952 g) and added to 3.5 1 of 
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2N sodium hydroxide solution, warmed to 50°C, in the course 
of 30 minutes. 

%0 The mixture is stirred at 50°C until a clear solution 

is formed (about 3 hours), is allowed to cool and is 
5 extracted three times with 1 1 of methylene chloride each 

time. The combined organic phases are back-extracted twice 
with 0.5 1 of IN sodium hydroxide solution each time and 
the combined aqueous phases are then brought to pH 7.5 with 
half-concentrated hydrochloric acid, with stirring. The 
10 solid which has precipitated out is filtered off, rinsed 

and dried to constant weight. 5 - Hy d r o x y - 4 -m e t h o x y<S> 
%0 2, 3-dimethylpyridine of m.p. 274 / ^276°C * is obtained. 
f J 34 • i^S&iSESES^X-i-liird ime thox^-g^r id in i urn chlor ide 
) 2-Chloromethyl-3 , 4-dimethoxy-pyr idinium chlor ide 
15 P 4.2 g (93% of theory) of the title compound are 

2-0 obtained as a colorless solid of m.p. 151-152°C (decomp.) 
by the procedure described in Example 32a by reacting 3.38 
g of 2-hydroxymethyl-3 , 4- dimethoxypyridine with 2 ml of 
thionyl chloride in 30 ml of methylene chloride, after a 
20 reaction time of 2.5 hours and after the type of working up 

described in Example 33a. 
P 0>) 2-Hydroxymethyl-3, 4-dimethoxypyr idine 

After adding 15 ml of 2N sodium hydroxide solution, 
4,8 g of 2-acetoxymethyl-3,4- dimethoxypyridine are stirred 
25 %C vigorously at 80°C, whereupon a homogeneous solution forms 
from the initial two-phase mixture. After 2 hours, the 
solution is allowed to cool and is extracted five times 
with 30 ml of methylene chloride each time, the combined 
organic phases are washed twice with 5 ml of 0.3 N sodium 
30 hydroxide solution each time, dried over potassium 

carbonate, filtered and concentrated and the distillation 
residue is stirred with petroleum ether. 3.6 g (96% of 
theory) of 2-hydr oxyme thy 1-3 , 4-dimethoxy- pyridine are 
X& obtained as a colorless solid of m.p. 87-89°C. 
35 P (p) 2-Acetoxymethyl-3 , 4-dimethoxypyr idine 

P 4.8 g (28 mmol) of 3 , 4-dime thoxy-2-me thylpyr idine 

2-0 1-oxide are metered into 25 ml of acetic anhydride at 85°C 

s/ 
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in the course of one hour, the mixture is stirred at the 

same temperature for one hour and concentrated completely 

in vacuo. The brown oily residue is distilled in a bulb 

tube still under 1 Pa. 5.3 g (90% of theory) of 

5 2-acetoxymethyl-3,4-dimethoxypyridine are obtained; b.p. 

U> 125-130°C. 

P(d) 3,4-Dimethoxy-2-methylpyridine 1-oxide 

4.5 g (25 mmol) of 3-methoxy-2-me thyl-4- ni tropyr id ine 
1-oxide are stirred at 40°C in 75 ml of dry methanol, after 
10 addition of 4.7 ml of 30% strength sodium methylate 

solution, for 16 hours. The mixture is then cooled, 
brought to pH 7 with concentrated sulfuric acid, filtered 
and concentrated completely in vacuo, the oily, reddish 
residue is taken up in 50 ml of toluene, the mixture is 
15 filtered again to remove insoluble constituents and the 

filtrate is concentrated to dryness. The yellow oily 
residue crystallizes on an ice-bath and is finally 
extracted by stirring with 30 ml of petroleum ether (50/70) 
%Q at 40°C. Filtration and drying in a desiccator gives 5.2 g 
(88% of theory) of 3 , 4-dimethoxy-2-methyl- pyridine 1-oxide 
O-O in the form of pale yellow crystals of m.p. lll-H3°c. 
P Ce) 3-Methoxy-2-methyl-4-nitropyridine 1-oxide^ 

8 ml of concentrated nitric acid are added in four 
portions of 2 ml each to 5.4 g of 3 -me thoxy- 2 -me thyl- 
25 pyridine 1-oxide in 12 ml of glacial acetic acid at 80°C in 

the course of 6 hours, the mixture is stirred at the same 
temperature overnight, a further 8 ml of nitric acid are 
added in three portions in the course of 6 hours and the 
mixture is stirred for a further 15 hours. After cooling, 
30 the fixture is poured onto, ice (40 g) and brought to pH 6 

with 10N sodium hydroxide solution, the byproduct 
( 3-methoxy-2-methyl-4- nitropyridine) which has 
precipitated out is filtered off and the filtrate is 
extracted four times with 50 ml of methylene chloride. 
35 After drying, the combined organic phases are concentrated 

completely and the residue is recrystallized from a little 
methylene chloride/petroleum ether. 4.2 g (57% of theory) 

*a, 
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of the title compound are obtained in the form of yellow 
1# crystals of m.p. 103^104°C. 
P £f) 3-Methoxy-2-methylpyr idine 1-oxide 
L 15.3 g (0.124 mole) of 3-methoxy-2-me thylpyr idine are 

dissolved in 100 ml of glacial acetic acid, and 40 ml of 
30% strength hydrogen peroxide are added in 4 portions at 
%0 80°C in the course of 6 hours. The mixture is stirred for 
a further three hours and then concentrated in vacuo (1.5 
kPa) , and two 50 ml portions of acetic acid are added, the 
mixture being concentrated completely after each addition. 
Following negative detection of per -compound s , the mixture 
is distilled in a bulb tube oven. The fraction which 
%Q distills at 120°C (1.5 Pa) is extracted by stirring in a 
little diethyl ether and the solid is filtered off and 
15 dried. 12 g (60% of theory) of 3-methoxy-2-met hy lpy r i d i ne 

1-oxide are obtained in the form of colorless crystals of 
2-0 m.p. 72-78°C. 

P (g) 3-Methoxy-2-methylpyr idine 

^— 15.5 g (90% of theory) of 3-me thoxy-2-me thy lpy r idine 

20 are obtained as a colorless oil by the procedure described 

in Example 32f by reaction of 13.7 g (125 mmol) of 
3-hydroxy-2-methylpyr idine with 9.2 ml of methyl iodide, 
with the addition of 46 ml of 3M methanolic potassium 
hydroxide solution and after a reaction time of 3 hours. 

25 CyU<> tc- Commercial Applicability 

P The d i a 1 k ox y py r i d i ne s of formula I and their 
pharmacologically-acceptable salts have useful 
pharmacological properties which render them commercially 
useful. In particular, they inhibit gastric acid secretion 

30 in warm-blooded animals. In addition, they exhibit an 

excellent protective action on the stomach and intestines 
of warm-blooded animals . This protective action on the 
stomach and intestine is observed even upon administering 
doses below those necessary to inhibit acid secretion. The 

35 compounds according to the invention are distinguished by 

the absence of substantial side effects and by a wide 
therapeutic range. 

.53 > 



The term "protection of the stomach and intestine" 
comprises the prevention and treatment of gastrointestinal 
diseases, primarily those which are non-cancerous in 
origin, especially gastrointestinal inflammatory diseases 
5 and lesions (such as, for example, gastric ulcer, duodenal 

ulcer, gastritis and stomach irritation caused by 
hyperacidity or medicaments), which can be caused, for 
example, by microorganisms, bacterial toxins, medicaments 
(for example certain a n t i - i n f 1 a m m a t o r i e s and 
10 antirheumatics), other chemicals (for example ethanol), 

gastric acid or stress situations. 

Another advantage of the compounds according to the 
invention is their comparatively Ju^hdiemical stabi lit_y_. 

Surprisingly, the compounds according to the invention 
15 are clearly superior (in their excellent properties) to 

prior art compounds. On the basis of these properties, the 
dialkoxypyridines and their pharmacologically-acceptable 
salts are outstandingly suitable for use in human and 
veterinary medicine, where they are used, in particular, 
20 for the treatment and prophylaxis of diseases of the 

stomach and intestine and those conditions which result 
from excessive secretion of gastric juice. 

The invention thus also relates to a method for 
treating mammals suffering from the noted illnesses. The 
25 method comprises the administration of a therapeutically 

and pharmacologically-appropriate amount of one or more of 
the specified dialkoxypyridines to the sick mammal. 

The invention furthermore relates to the compounds 
according to the invention which are used in this method. 
30 The invention moreover relates to the use of the present 

compounds in the production of medicaments. 

The invention also relates to medicaments which 
contain one or more dialkoxypyridines of formula I and/or 
their pharmacologically-acceptable salts. 

The medicaments are prepared by conventional 
processes. As medicaments, the pharmacologically-active 
compounds (= active compounds) according to the invention 

5 
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are used either as such or, preferably, in combination with 
suitable pharmaceutical auxiliaries, in the form of 
tablets, coated tablets, capsules, suppositories, plasters 
(for example as TTS) , emulsions, suspensions or solutions, 
the content of active compound advantageously being between 
0.1 and 9 5%, by weight. 

The auxiliaries which are suitable for the desired 
medicament formulations are known. Solvents, gelling 
agents, suppository bases, tablets, auxiliaries and other 
active compound vehicles, as well as antioxidants, 
dispersing agents, emulsifiers, antifoaming agents, flavor 
correctants, preservatives, solubilizing agents, colorants 
or, in particular, permeation promoters and complexing 
agents (for example cyclodextr ins) are useful. 

The active compounds are administered orally, 
parenterally or percutaneously . 

In general, it is advantageous in human medicine to 
administer the active compound or compounds, in the case of 
oral administration, in a daily dose of from about 0.01 to 
about 20, preferably 0.05 to 5 and, in particular, 0.1 to 
1.5 mg/kg of body weight, if appropriate in the form of 
several, preferably 1 to 4, individual doses, to achieve 
the desired result. In the case of parenteral treatment, 
similar or (especially in the case of intravenous 
administration of the active compound) as a rule lower 
dosages are effective. The particular optimum dosage and 
mode of administration of the active compounds required are 
easily determined by those skilled in the art. 

When a compound (and/or a salt thereof) according to 
the invention is used for treatment of the noted 
conditions, the pharmaceutical formulation optionally 
contains one or more pharmacologically-active constituents 
from other groups of medicaments, such as antacids, for 
example aluminum hydroxide or magnesium aluminate; 
tranquilizers, such as benzodiazepines, for example 
diazepam; spasmolytics, such as b i e t am i v e r i n e and 
camylofin; anticholinergics, such as oxyphencycl imine and 

C < H* 



phencarbamide; local anesthetics, such as tetracaine and 
procaine; and, if appropriate, also enzymes, vitamins or 
amino acids. 

Combination of the compounds according to the 
invention with other drugs which inhibit acid secretion, 
such as H 2 -blockers (for example cimetidine and 
ranitidine), and furthermore with so-called peripheral 
anticholinergics (for example pirenzepine, telenzepine and 
zolenzepine) and with gastrin antagonists, with the aim of 
intensifying the main action in the additive or 
super additive sense and/or eliminating or reducing side 
effects, is to be particularly emphasized, 
(^s&AS Pharmacology 

f The excellent protective action on the stomach and the 
gastric secretion inhibition shown by the compounds 
according to the invention is demonstrated in tests using 
the Shay rat model. The compounds according to the 
invention investigated appear in the following table: 



Serial No, Name of the compound 

1 2-[ (4 , 5-dimethoxy-2-pyr idyl) methylsulf inyl] - 
5-tr i f luoromethoxy-lH-benz imidazole 

2 2- [ (4 , 5-dimethoxy-3-methyl-2-pyr idyl) - 
methylsulf inyl] -5-tr i f luoromethoxy-lH- 
benz imidazole 

3 2- [ (4 , 5-dimethoxy-2-pyr idyl) methylsulf inyl] - 

5- (1,1, 2 , 2-tetraf luoroethoxy) -1H- benz imidazole 

4 2 , 2-dif luoro-6- [ (4 , 5-d imethoxy-2-pyr idyl ) - 
methylthio] -5H- [1, 3] -dioxolo [ 4 , 5-f ] benz- 
imidazole 

5 2, 2-dif luoro-6-[ (4 , 5-dime thoxy-2-pyr idyl) - 
methylsulf inyl] -5H- [1 , 3 ] -dioxolo [ 4 , 5-f ] - 

- benzimidazole 

ft The influence of the compounds investigated on the 
formation of gastric lesions triggered by pylorus ligature 
(4 hours; Shay rat) and oral administration of 100 mg/kg of 



ace tylsal icylic acid and on the inhibition of gastric 
secretion (HC1) in rats during 4 hours is shown in the. 
following table: 

Protective Action on the Stomach and 
Inhibition of Gastric Secretion 



Serial 


n 


Protective action 


Inhibition 


of 


the HCL secretion 


No. 


[Number 


on the stomach 


in 


the 


stomach 






of 


(rat) inhibition 


(rat; 


total of 4 hours) 




anima Lsj 


of the Lesion index 


X inhibition 


ED25+ 


ED50+ 






ED50+) 


of HCL 




[mg/kg. 


P.O.] 






[mg/kg, p.o.] 


secretion 














C++) 








1 


40 


0.6 


15 




1.0 


~ 3 


2 


48 


0.8 


25 




0.7 


1 .7 


3 


56 


0.6 


18 




- 1 


3.4 


4 


40 


3.5 


28 




3.0 


6.5 


5 


72 


- • 1 


25 
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ED25+ and ED50 + = dose which reduces the lesion index and 

the HCL secretion (over 4 hours) in the 
rat stomach by 25% and 50% in the 
treated group in comparison with the 
control group. 
= after administration of the antiulcerous ED50 
P The antiulcerogenic action was tested in Shay rats: 
L Ulcers were provoked in rats which had fasted for 24 
hours (female, 18()-200 g, 4 animals per cage on a high 
grid) by pylorus ligature (under diethyl ether anesthesia) 
and oral administration of 100 mg/10 ml/kg of 
acetylsalicylic -acid. The substances to be tested are 
administered orally (10 ml/kg) one hour before the pylorus 
ligature. The wound is closed by means of Michel clamps. 
4 hours thereafter, the animals are sacrificed under ether 
anesthesia by atlas dislocation and the stomach is 
resected. The stomach is opened longitudinally and fixed 
to a cork plate, after first determining the amount of 
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secreted gastric juice (volume) and later its HC1 content 
(titration with sodium hydroxide solution) . The number and 
size (= diameter) of ulcers present are determined with a 
stereomicroscope with 10-fold magnification. The product 
of the degree of severity (according to the following 
points scale) and number of ulcers serves as the individual 
lesion index . 



no ulcers 0 
10 ulcer diameter 0.1 - 1.4 mm 1 

# 1.5-2. 4 mm 2 

2 . 5 - .3 . 4 mm 3 
3.5 - 4.4 mm 4 
4. 5-5. 4 mm 5 
15 > 5 . 5 mm 6 

~p The reduction in the average lesion index of each 
3 2_ treated group compared with that of the control group (= 
100%) serves as a measure of the ant iulcerogenic effect. 
The ED25 and ED50 designate the doses which reduce the 
20 average lesion index and the HCL secretion by 25% and 50%. 

C^w 'CToxicAi^ 

P The LD50 of all tested compounds is greater than 1,000 

8 * c f mg/kg [p.o.] in mice. 



(A 



